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QUALITY ASSURED 


Our quality system focuses on the continuing high quality of our 
components and the best possible service for our customers. We have 
a three-sided quality strategy: we apply a system of total quality control 
and assurance; we operate customer-oriented dynamic improvement 
programmes; and we promote a partnering relationship with our 
customers and suppliers. 


PRODUCT SAFETY 

In striving for state-of-the-art perfection, we continuously improve 
components and processes with respect to environmental demands. 
Our components offer no hazard to the environment in normal use 
when operated or stored within the limits specified in the data sheet. 

Some components unavoidably contain substances that, if exposed by 
accident or misuse, are potentially hazardous to health. Users of these 
components are informed of the danger by warning notices in the data 
sheets supporting the components. Where necessary the warning 
notices also indicate safety precautions to be taken and disposal 
instructions to be followed. Obviously users of these components, in 
general the set-making industry, assume responsibility towards the 
consumer with respect to safety matters and environmental demands. 

All used or obsolete components should be disposed of according to 
the regulations applying at the disposal location. Depending on the 
location, electronic components are considered to be 'chemical', 
'special' or sometimes 'industrial' waste. Disposal as domestic waste is 
usually not permitted. 



Programmable Logic Devices 


CONTENTS 

page 

PREFACE 3 

SECTION 1 GENERAL INFORMATION 5 

SECTION 2 INTRODUCTION 15 

SECTION 3 PAL DEVICES 35 

SECTION 4 PROGRAMMABLE LOGIC ARRAY DEVICES 177 

SECTION 5 PROGRAMMABLE LOGIC SEQU ENCER 

DEVICES 235 

SECTION 6 LOW VOLT DEVICES 431 

SECTION 7 PROGRAMMABLE MACRO LOGIC DEVICES 489 

SECTION 8 MILITARY SELECTION GUIDE 453 

SECTION 9 DEVELOPMENT SOFTWARE 507 

SECTION 10 PROGRAMMER/SOFTWARE SUPPORT 511 

SECTION 11 APPLICATION NOTES 535 

SECTION 12 PACKAGE OUTLINE DRAWINGS 875 

SECTION 1 3 SALES OFFICES, REPRESENTATIVES, 

AND DISTRIBUTORS 893 

APPENDIX A DATA HANDBOOK SYSTEM 896 



Philips Semiconductors and Philips Electronics North America Corporation reserve the 
right to make changes, without notice, in the products, including circuits, standard cells, 
and/or software, described or contained herein in order to improve design and/or 
performance. Philips Semiconductors assumes no responsibility or liability for the use 
of any of these products, conveys no license or title under any patent, copyright, or mask 
work right to these products, and makes no representations or warranties that these 
products are free from patent, copyright, or mask work right infringement, unless 
otherwise specified. Applications that are described herein for any of these products are 
for illustrative purposes only. Philips Semiconductors makes no representation or 
warranty that such applications will be suitable for the specified use without further 
testing or modification. 

LIFE SUPPORT APPLICATIONS 

Philips Semiconductors and Philips Electronics North America Corporation Products are 
not designed for use in life support appliances, devices, or systems where malfunction 
of a Philips Semiconductors and Philips Electronics North America Corporation Product 
can reasonably be expected to result in a personal injury. Philips Semiconductors and 
Philips Electronics North America Corporation customers using or selling Philips 
Semiconductors and Philips Electronics North American Philips Corporation Products 
for use in such applications do so at their own risk and agree to fully indemnify Philips 
Semiconductors and Philips Electronics North America Corporation for any damages 
resulting from such improper use or sale. 


Philips Semiconductors and Philips Electronics North America Corporation registers 
eligible circuits under the Semiconductor Chip Protection Act 


© Copyright Philips Electronics North America Corporation 1 993 


All rights reserved 



Programmable Logic Devices 


Preface 


The 1994 Philips Semiconductors Programmable Logic Devices Data Handbook 
contains all the information a designer needs to implement virtually any logic 
design in a PLD. 

Philips offers a variety of programmable logic devices which have been tailored to 
implement a wide range of applications. 

In addition to a full complement of industry standard PAL-type devices, Philips 
offers several application specific devices. 

For ultra high speed applications, the Philips PLAs are the right solution. The 
logical power of two programmable arrays makes complex decoding easy. The 
PLUS153 and the PLUS173 offer 32 input wide AND-OR decoding, with a worst 
case Tpo of 10ns. 

Designers using high performance DRAM, VRAM and graphics devices will 
appreciate the variety of complex state machines which include the PLC42VA12, 
PLC415, PLUS405 and the PLUS105. Check out the new 70 MHz PLUS105 in 
Section 5. 

The PLC18V8Z can replace virtually all 20 PALs and GALs. The zero standby 
power of 20 micro amps is the lowest of any available PLD. 

For maximum density in truly compact systems, the Programmable Macro Logic 
family is the right choice. These field programmable gate arrays are ideal for bus 
interface applications which require very wide gates. 

The newest addition to the Philips PLD line is a family of low voltage devices (2.7 
to 3.6 volts). Refer to Section 6 for details on the zero standby power P3C1 8V8Z 
Universal PAL device and the 3 very high speed BiCMOS devices. 

Designing and programming of Philips PLDs is easy; many third party software 
and programmer vendors support the entire line of Philips devices. Section 10 
details information on the approved software and programmer vendors, as well as 
all the latest software and firmware revisions. 

For ideas on how to implement your designs, take a look at all the application 
notes in Section 11 of this manual. 

Philips provides a high level of customer service via our 24-hour computer bulletin 
board and our staff of applications engineers who are ready to answer all your 
design and software related questions. The toll free bulletin board number (from 
the USA only) is (800) 451-6644. It may also be reached at (408) 991-2406. 
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Formative or In Design 

This data sheet contains the design target or goal specifications (or 
product development. Specifications may change in any manner 
without notice. 

Preliminary Specification 

Preproduction Product 
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Full Production 
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PHILIPS 

ARCHITECTURE 


TOTAL 

PRODUCT 

STATE 





SEMICONDUCTORS 

(Inputs x Terms’ 


INPUTS 

TERMS PER 

REGISTERS 

OUTPUTS 




PART NUMBER 

x Outputs) 

PACKAGE 

(# Dedicated) 

OR GATE 

(# Dedicated) 

C, I/O, R, R I/O 

tpo (Max) 

(max 

lcc(Max) 


PAL DEVICES 


10H20EV8-4/ 

10020EV8-4 

20 x 90 x 8 

24-Pin 

20(12) 


mm 

8 varied 

4.5ns 

208MHz 

-250mA 

PHD16N8-5 

16x16x8 

20-Pin 

16(10) 

n 

SHS 

2 C, 6 I/O 

5ns 


180mA 

PHD48N22-7 

48 x 73 x 22 

68-Pin 

48 (36) 

7 to 12 

El 

IOC, 121/0 

7.5ns 


420mA 

PLUS16L8-7 

16x64x8 

20-Pin 


7 

| 

2 C, 6 I/O 

7.5ns 


180mA 

PLUS16R4-7 

16x64x8 

20-Pin 

16(8) 

7 to 8 

l 

4 I/O, 4 R 

7.5ns 


180mA 

PLUS16R6-7 

16x64x8 

20-Pin 

16(8) 

7 to 8 

HE 

2 I/O, 6 R 

7.5ns 


180mA 

PLUS16R8-7 

16x64x8 

20-Pin 

16(8) 

8 

IBB 

8 R 


74MHz 

180mA 

PLUS16L8D 

16x64x8 

20-Pin 

16(10) 

7 

0 

2 C, 6 I/O 

10ns 


180mA 

PLUS16R4D 

16x64x8 

20-Pin 

16(8) 

7 to 8 

4(0) 

4 I/O, 4 R 

10ns 

60MHz 

180mA 

PLUS16R6D 

16x64x8 

20-Pin 

16(8) 

7 to 8 

6(0) 

2 I/O, 6R 

10ns 

60MHz 

180mA 

PLUS16R8D 

16x64x8 

20-Pin 

16(8) 

8 

8(0) 

8 R 


60MHz 

180mA 

PLUS20L8-7 

20x64x8 

24-Pin 

20(14) 

7 

0 

2 C, 6 I/O 

7.5ns 


210mA 

PLUS20R4-7 

20 x 64 x8 

24-Pin 

20(12) 

7 to 8 

4(0) 

4 I/O, 4 R 

7.5ns 

74MHz 

210mA 

PLUS20R6-7 

20 x 64 x8 

24-Pin 

20(12) 

7 to 8 

6(0) 

21/0, 6R 

7.5ns 

74MHz 

210mA 

PLUS20R8-7 

20 x 64 x 8 

24-Pin 

20(12) 

8 

8(0) 

8 R 


74MHz 

210mA 

PLUS20L8D 

20 x 64 x 8 

24-Pin 

20(14) 

7 

0 

2 C, 6 I/O 

10ns 


210mA 

PLUS20R4D 

20x64x8 

24-Pin 

20(12) 

7 to 8 

4(0) 

4 I/O, 4R 

10ns 

60MHz 

210mA 

PLUS20R6D 

20 x 64 x 8 

24-Pin 

20(12) 

7 to 8 

6(0) 

2 I/O, 6 R 

10ns 

60MHz 

210mA 

PLUS20R8D 

20 x 64 x 8 

24-Pin 

20(12) 

8 

8(0) 

8 R 


60MHz 

210mA 

ABT22V10-7 

22 x 130 x 10 

24-Pin 

22(12) 

8 to 16 

10(0) 

10 varied 

7.5ns 

87MHz 

210mA 

PL22V10-15/I15 

22x130x10 

24-Pin 

22(12) 

8 to 16 

10(0) 

10 varied 

15ns 

53MHz 

90mA, 

0.5mA/MHz 

PL22V10-12 

22x130x10 

24-Pin 

22(12) 

8 to 16 

10(0) 

10 varied 

12ns 

67MHz 

90mA, 

0.5mA/MHz 

PL22V10-10 

22x 130x10 

24-Pin 

22(12) 

8 to 16 

10(0) 

10 varied 

10ns 

77MHz 

110mA, 

0.5mA/MHz 

PLC18V8235 

PLC18V8ZI 

18x74x8 

20-Pin 

18(8) 

8 

8(0) 

8 varied 

35,40ns 

21MHz 

lOOpA, 
1.5m A/MHz 

PLC18V8Z25 

PLC18V8ZAI 

18x74x8 

20-Pin 

18(8) 

8 

8(0) 

8 varied 

25ns 

11 

IOOjiA, 
1.5m A/MHz 

P3C18V8Z25 # 
P3C18V8ZAI# 

1 8 x 74 x 8 

20-Pin 

18(8) 

8 

8(0) 

8 varied 

35ns 

40ns 

11 

60|iA, 

0.8mA/MHz 

P3C16V8-7 + # 

18x64x8 

20-Pin 

18(10) 

7 

8(0) 

8 varied 

7.5ns 

100MHz 

150mA 

P3C20V8-7 + # 

22x64x8 

24-Pin 

22(14) 

7 

8(0) 

8 varied 

7.5ns 

100MHz 

150mA 

LVT22V10-7 + # 

22 x 130 x 10 

28-Pin 

22(12) 

8 to 16 

10(0) 

10 varied 

7.5ns 

100MHz 

150mA 


PLA 


PLS100/101 

16x48x8 

28-Pin 

16(16) 

Up to 48 

0 

8 C 

50ns 


170mA 

PLS153 

18x42x10 

20-Pin 

18(8) 

Up to 32 

0 

101/0 

40ns 


155mA 

PLS153A 

18x42x10 

20-Pin 

18(8) 

Up to 32 

0 

101/0 

30ns 


155mA 

PLUS153B 

18x42x10 

20-Pin 

18(8) 

Up to 32 

0 

101/0 

15ns 



PLUS153D 

18x42x10 

20-Pin 

18(8) 

Up to 32 

0 

101/0 

12ns 



PLUS1 53-10 

18x42x10 

20-Pin 

18(8) 

Up to 32 

0 

101/0 

10ns 



PLS173 

22x42x10 

24-Pin 

22(12) 

Up to 32 

-EB 

101/0 

ESI 


170mA 

PLUS173B 

22x42x10 

24-Pin 

22(12) 

Up to 32 


101/0 




PLUS173D 

22x42x10 

24-Pin 

22(12) 

Up to 32 


101/0 

119 



PLUS 173-10 

22x42x10 

24-Pin 

22(12) 

Up to 32 

BB 

101/0 

10ns 
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Selection guide 


PHILIPS 
SEMICONDUCTORS 
PART NUMBER 

ARCHITECTURE 
(Inputs xTemis* 
x Outputs) 

PACKAGE 

TOTAL 
INPUTS 
(# Dedicated) 

PRODUCT 
TERMS PER 
OR GATE 

INTERNAL 
STATE 
REGISTERS 
(# Dedicated) 

OUTPUTS 

C, I/O, R, R I/O 

tp 0 (Max) 

<MAX 

fcc(Max) 

I PLS 

PLS105 

22 x 48 x 8 

28-Pin 

ESil 

Up to 48 

6(6) 

8 R 



180mA 

PLS105A 

22 x 48 x 8 

28-Pin 

El 9 

Up to 48 

6(6) 

8 R 



180mA 

PLUS1 05-45 

22 x 48 x 8 

28-Pin 

22(16) 

Up to 48 

6(6) 

8 R 


45MHz 

200mA 

PLUS1 05-55 

22 x 48 x 8 

28-Pin 

22(16) 

Up to 48 

6(6) 

8 R 


55MHz 

200mA 

PLUS405-37 

24 x 64 x 8 

28-Pin 

24(16) 

Up to 64 

8(8) 

8 R 


37MHz 

225mA 

PLUS405-45 

24 x 64 x8 

28-Pin 

24(16) 

Up to 64 

8(8) 

8 R 


45MHz 

225mA 

PLUS405-55 

24 x 64 x8 

28-Pin 

24(16) 

Up to 64 

8(8) 

8R 


55MHz 

225mA 

PLS 155 

16x45x12 

20-Pin 

16(4) 

Up to 32 

4(0) 

8 1/0, 4 R I/O 

50ns 

14MHz 

190mA 

PLS 157 

16x45x12 

20-Pin 

16(4) 

Up to 32 

6(0) 

6 1/0, 6 R I/O 

50ns 

14MHz 

190mA 

PLS159A 

16x45x12 

20-Pin 

16(4) 

Up to 32 

8(0) 

4 1/0, 8 R I/O 

35ns 

18MHz 

190mA 

PLS 167 

22 x 48 x 6 

24-Pin 

22(14) 

Up to 48 

8(6) 

6 R 


14MHz 

180mA 

PLS167A 

22 x 48 x 6 

24-Pin 

22(14) 

Up to 48 

8(6) 

6 R 


20MHz 

180mA 

PLS 168 

22 x 48 x 8 

24-Pin 

22(12) 

Up to 48 

10(6) 

8 R 


14MHz 

180mA 

PLS168A 

22 x 48 x 8 

24-Pin 

22(12) 

Up to 48 

10(6) 

8 R 


20MHz 

180mA 

PLS 179 

20 x 45 x 1 2 

24-Pin 

20 (8) 

Up to 32 

8(0) 

4 1/0, 8 R I/O 

35ns 

18MHz 

210mA 

PLC42VA12/I 

42x 105x12 

24-Pin 

42(10) 

Up to 64 

10(0) 

10 1/0 or R I/O, 
21/0 

35ns 

25MHz 

135mA 

PLC415-16 

25 x 68 x 8 

28-Pin 

25(17) 

Up to 64 

8(8) 

8 R 


16MHz 

100pA/ 

80mA 

PML | 

PLHS501 

104x116x24 

n 

32 (24) 

Up to 136* 

0 

16 C, 8 I/O 

131 


295mA 

PML2552-35 

205x210x24 


53 (29) 

Up to 258 ♦ 

36 (20) 

8 I/O, 16 R I/O 

a 

50MHz 

10mA/ 

100mA 

PML2552-50 

205x210x24 

68-Pin 

53 (29) 

Up to 258* 

36 (20) 

8 1/0, 16 R I/O 

50ns 

35MHz 

10mA/ 

100mA 

PML2852-35 

205x210x40 

84-Pin 

53 (29) 

Up to 258* 

36 (20) 

16 C, 8 I/O, 

16 R I/O 

35ns 

50MHz 

10mA/ 

100mA 

PML2852-50 

205x210x40 

84-Pin 

53 (29) 

Up to 258 ♦ 

36 (20) 

16 0,81/0, 

16 R I/O 

50ns 

35MHz 

10mA/ 

100mA 


PAL Device = Programmable Array Logic 
(Fixed OR Array)-Type 
PHD = Programmable High-Speed Decoder 
PLA = Programmable Logic Array 
PLS = Programmable Logic Sequencer 
PML = Programmable Macro Logic 

OUTPUTS: 

C = Combinatorial output 


R = Registered output 
I/O = Combinatorial I/O 
R I/O = Registered I/O 

NOTES: 

fMAX = 1/(tis + tcra) worst case 
* Includes control product terms 


♦ Product terms per NAND gate 

PAL is a registered trademark of AMD. 
PML is a trademark of Philips 
Semiconductors. 

+ Under development 

# 3 Volt devices 


All packages refer to DIP configurations except PHD48N22, PML2552 and PML2852, which are offered in PLCC only. 
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Philips Semiconductors Programmable Logic Products 


Ordering Information 


PLD PRODUCTS 

| Example: P(L) XX YYYY Q P 

Package Code 

A = 20-, 28-, 52-, 68-, 84-lead Plastic Leaded Chip Carrier (PLCC) 
D = 20-, 24-Pin Plastic SO (300-mil) 

F = 20-, 24-, 28-Pin Ceramic Dual In-Line 
N = 20-, 24-, 28-Pin Plastic Dual In-Line 
FA = 20-, 24-Pin Ceramic Dual In-Line with Quartz Window 
KA = CerQuad (window) 

Performance indicator 

Z = Zero standby power devices 
blank, A, B, D, -35, -7, etc. = propagation delay (ns) 

-37, -45, -55, etc. = operating frequency (MHz) 

Basic Part Number 
(3 to 8 characters) 

(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12) 
Process/Architecture Indicator 

S = Bipolar Junction Isolated Schottky - Nichrome fuses 
C = CMOS -EPROM cells 

HS = High Speed Bipolar Oxide Isolated - Vertical Fuse 

US = High Speed Bipolar Oxide Isolated - Lateral Fuse 

HD = High Speed Decoder 

ML = Macro Logic 

(Blank for ECL devices) 

Indicator for Philips Programmable Logic 
(Can be either P, PL, P3, or blank) 

(P for PHD and PML and blank for ECL devices) 

Operating temperature range = 0 to +70°C 
EXCEPT: PLC18V8ZI = -40 to +85°C 
PL22V10I15= -40 to +85°C 

GAL is a registered trademark of Lattice Corp. 

PAL is a registered trademark of MMI, Corp., a wholly-owned subsidiary of Advanced Micro Devices (AMD), Inc. 
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Introduction 


WHAT IS PROGRAMMABLE 
LOGIC? 

In 1975, Philips Semiconductors developed a 
new product family by combining its expertise 
in semi-custom gate array products and 
fuse-link Programmable Read Only Memories 
(PROMs). Out of this marriage came Philips 
Semiconductors Programmable Logic Family. 
The PLS100 Field-Programmable Logic Array 
(FPLA) was the first member of this family. 
The FPLA was an important industry first in 
two ways. First, the AND/OR/INVERT 


architecture allowed the custom 
implementations of Sum of Product logic 
equations. Second, the three-level fusing 
allows complete flexibility in the use of this 
device family. All logic interconnections from 
input to output are programmable. 

Figure 1 shows the architecture of a high 
performance sequencer combining a PLA 
architecture with JK flip-flops. The Selection 
Guide shown on pages 1 2 and 13 of this data 
handbook shows the current spectrum of 


Philips Semiconductors PLDs. Parts for every 
need are available in nearly every 
architecture and across at least three 
technologies. The PLUS and PLHS prefixes 
describe bipolar parts, the PLC and P3C 
prefix describes EPLD (CMOS) parts and the 
PLQ and P3Q prefix refers to the new Philips 
Semiconductors QUBiC BiCMOS process. 
Figure 2 shows a shorthand image of the 
PLUS1 53 programmable logic array (PLA), 
which was derived from the original PLS100. 



November 1993 


17 













November 1993 


18 






Philips Semiconductors Programmable Logic Devices 


Programmable logic 


Introduction 


PLD LOGIC SYNTHESIS 

No intermediate step is required to implement 
Boolean Logic Equations with PLDs. Each 
term in each equation simply becomes a 
direct entry into the Logic Program Table. 

The following example illustrates this 
straightforward concept: 

X 0 = AB + CD + BU 
X, = SB + CD + EFG 


P-Terms 
P 0 = AB 
P, =CD 
P 2 = BD 

p 3 =ab 

P 4 = EFG 


X 0 = P„ + Pi + P 2 
X, = P 3 + P, + P 4 
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Figure 3. Field Programmable Logic Array 
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In the previous example, the two Boolean 

Logic equations were broken into Product 
terms. Each P-term was then programmed 
into the P-term section of the PLA Program 
Table. This was accomplished in the following 
manner: 

Step 1 

Select which input pins lo - Its will 
correspond to the input variables. In this 
case A - G are the input variable names. I 6 
through lo were selected to accept inputs 

A - G respectively. 




Step 2 

Transfer the Boolean Terms to the PLA 
Program Table. This is done simply by 
defining each term and entering it on the 
Program Table. 

e g., P 0 = AB 


This P-term translates to the Program Table 
by selecting A = l 6 = H and B = I 5 = H and 
entering the information in the appropriate 
column. 

P, =CD 


This term is defined by selecting C = l 4 = L 
and D = I 3 = H, and entering the data into the 
Program Table. Continue this operation until 
all P-terms are entered into the Program 
Table. 
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Programmable logic 


Step 3 

Select which output pins correspond to 
each output function. In this case Fo = 
Pin 18 = X 0 , and Ft = Pin 17 = X t . 



Step 4 

Select the Output Active Level desired for 
each Output Function. For X 0 the active 
level is high for a positive logic expression of 


this equation. Therefore, it is only necessary 
to place an (H) in the Active Level box above 
Output Function 0, (F 0 ). Conversely, can 


be expressed as X 1 by placing an (L) in the 
Active Level box above Output Function 1 , 

(Ft). 
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Step 5 

Select the P-Terms you wish to make 
active for each Output Function. In this 
case Xo = Po + Pi + P 2 , so an A has been 
placed in the intersection box for P 0 and Xo, 
Pi and Xq and P 2 and Xq. 


Terms which are not active for a given output 
are made inactive by placing a (•) in the box 
under that P-term. Leave all unused P-terms 
unprogrammed. 

Continue this operation until ail outputs have 
been defined in the Program Table. 


Step 6 

Enter the data into a Philips Semiconductors 
approved programmer. The input format is 
identical to the Philips Semiconductors 
Program Table. You specify the P-terms, 
Output Active Level, and which P-terms are 
active for each output exactly the way it 
appears on the Program Table. 
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To control each D-term, it is necessary to 
understand that each control gate is a 
36-input AND gate. To make the 3-State 
buffer active (B* pin an output), the output of 
the control gate must be at logic HIGH (1). 
This can be accomplished in one of two 


ways. A HIGH can be forced on all control 
gate input nodes, or fuses can be 
programmed. When a fuse is programmed, 
that control gate input node is internally 
pulled up to HIGH (1). See Figure 12 and 
Figure 1 3. 


Programming the fuse permanently places a 
HIGH (1 ) on the input to the control gate. The 
input pin no longer has any effect on that 
state. 




Figure 12. Input Effect on Control Gates (Fuse Intact) 



Figure 13. Effect on Control Gate if Fuse is Programmed 
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DEDICATING B x PIN DIRECTION 

Since each input to the D-terms is true and 
complement buffered (see Figure 1 1 ), when 
the device is shipped with all fuses intact, all 
control gates have half of the 36 input lines at 
logic low (0). The result of this is all Control 
Gate outputs are low (0) and the 3-State 
buffers are inactive. This results in all Bx pins 
being in the input condition, the resultant 
device is, therefore, an 18-input, 0-output 
FPLA. While useful as a bit bucket or 


Write-Only-Memoty (WOM), most 
applications require at least one output. 
Clearly, the first task is to determine which of 
the Bx pins are to be outputs. The next step 
is to condition the control gate to make the 
3-State buffer for those gates active. To 
dedicate Bo and B 1 as outputs, it is necessary 
to program all fuses to the inputs to Control 
Gates D 0 and Di. This internally pulls all 
inputs to those gates to HIGH (1) 
permanently, since all inputs to the Control 


Gates are HIGH (1), the output is HIGH (1) 
and the 3-State buffers for Bo and Bi are 
active. This permanently enables B 0 and B, 
as outputs. Note that even though Bq and Bi 
are outputs, the output data is available to the 
AND array via the internal feedback (see 
Figure 11a). 

To program this data, the PLUS 153 Program 
Table is used as shown in Figure 14. 
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By placing a ( — ) Don't Care in each input 
box you are specifying that the True and 
Complement fuses are programmed on each 
Control Gate, thus permanently dedicating 
the B 0 and B, pins as outputs. By placing a 
(0) in ail input boxes for B 2 - Bg, you are 
specifying that both True and Complement 
fuses are intact. This causes a low (0) to be 
forced on half of the Control Gate inputs, 
guaranteeing the output of the Control Gate 
will be low (0). When the Control Gate 
outputs are low (0), the 3-State buffer is 


inactive and the B2 - Bg pins are enabled as 
inputs. All Bx pin directions can be controlled 
in this manner. 


ACTIVE DIRECTION CONTROL 

Sometimes it is necessary to be able to 
actively change the direction of the Bx pins 
without permanently dedicating them. Some 
applications which require this include 3-State 
bus enable, multi-function decoding, etc. This 
can easily be done by programming the 


Control Gate to respond to one or more input 
pins. It is only necessary to select which lx 
and Bx pins will control the pin directions and 
the active level HIGH (H) or LOW (L) that will 
be used. The PLUS153 Program Table in 
Figure 15 shows the method of controlling 
Bo - Bg with l 7 . When I7 is LOW (L), pins 
Bo - Bg are outputs; when l 7 is HIGH (H), 
pins Bo - Bg are inputs. Note that by 
programming all other l x and B x pins as 
DON'T CARE ( — ), they are permanently 
disconnected from control of Bx pin direction. 
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The previous 28-pin logic synthesis example 
could be done on the PLUS153 as follows: 

X 0 =AB+CD + BD 
X, =EB+UD + EFG 

Note that Bo was used as a CHANGE input. 
When B 0 is HIGH (H) the outputs appear on 
Be and B 9 . When Bo is LOW (L), the outputs 
appear on Bo and B 7 . Bj through B 5 are not 
used and therefore left unprogrammed. 


Philips Semiconductors offers two packages 
for user-friendly design assistance. The first 
package, AMAZE, has evolved over 10 years 
to support Philips Semiconductors 
programmable products with logic equation, 
state equation, and schematic entry. AMAZE 
can compile designs quite well for Philips 
Semiconductors lower density parts. 

However, to satisfy the needs of 


Programmable Macro Logic users, Philips 
Semiconductors developed an additional 
software package called SNAP. SNAP 
expands upon the capabilities of AMAZE in 
its approach to design implementation, more 
closely resembling a gate array methodology. 
Both of these products are described in more 
depth at a later point in this handbook. 


POLARITY 



Figure 16. PLUS153 Example 
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SEQUENTIAL LOGIC 
CONSIDERATIONS 

The PLUS405, PLUS105 and PLC42VA12 
represent significant increases in complexity 
when compared to the combinatorial logic 
devices previously discussed. By combining 
the AND/OR combinatorial logic with clock 
output flip-flops and appropriate feedback. 
Philips Semiconductors has created the first 
family of totally flexible sequential logic 
machines. 

The PLUS405 (Programmable Logic 
Sequencer) is an example of a high-order 
machine whose applications are many. 
Application areas for this device include 
VRAM, DRAM, Bus and LAN control. The 
PLUS405 is fully capable of performing fast 


sequential operations in relatively high-speed 
processor systems. By placing repetitive 
sequential operations on the PLUS405, 
processor overhead is reduced. 

The following pages summarize the 
PLUS405 architecture and features. 

Sequencer Architecture 

The PLUS405 Logic Sequencer is a 
programmable state machine, in which the 
output is a function of the present state and 
the present input. 

With the PLUS405, a user can program any 
logic sequence expressed as a series of 
jumps between stable states, triggered by a 
valid input condition (I) at clock time (t). All 
stable states are stored in the State Register. 


The logic output of the machine is also 
programmable, and is stored in the Output 
Register. The PLUS105 is a subset of the 
PLUS405. 

Clocked Sequence 

A synchronous logic sequence can be 
represented as a group of circles 
interconnected with arrows. The circles 
represent stable states, labeled with an 
arbitrary numerical code (binary, hex, etc.) 
corresponding to discrete states of a suitable 
register. The arrows represent state 
transitions, labeled with symbols denoting the 
jump condition and the required change in 
output. The number of states in the sequence 
depends on the length and complexity of the 
desired algorithm. 



(I) s INPUT 
(p) = PRESENT STATE 
© = NEXT STATE 
© = NEXT OUTPUT 

OF 


Figure 17. Basic Architecture of PLS105 FPLS. I, P, N, and F are Multi-line 
Paths Denoting Groups of Binary Variables Programmed by the User. 



h _ 3 are jump conditions which must be satisfied before any 
transitions take place. 

F r are changes in output triggered by l m , and stored in the 
output register. 

State transitions a — > b and c -> d involve no output change. 

Figure 18. Typical State Diagram. 


© 

T n = t • I - P 

0 


The arrow connecting the two states gives rise to a transition 
term T n . I is the jump condition. 

Figure 19. Typical State Transition 
Between Any Two States of Figure 18. 
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State Jumps 

The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but may or may not 
cause a change in machine output (F). 

State jumps can occur only via “transition 
terms” T n . These are logical AND functions of 
the clock (t), the Present state (P), and a 
valid input (I). Since the clock is actually 
applied to the State Register, T n = UP. When 
T n is “true", a control signal is generated and 
used at clock time (t) to force the contents of 
the State Register from (P) to (N), and to 
change the contents of the Output Register (if 
necessary). The simple state jump in 
Figure 20, involving 2 inputs, 1 state bit, and 
1 output bit, illustrates the equivalence of 
discrete and programmable logic 
implementations. 

Sequencer Logic Structure 

The Sequencer consists of programmable 
AND and OR gate arrays which control the 
Set and Reset inputs of a State Register, as 
well as monitor its output via an internal 
feedback path. The arrays also control an 
independent Output Register, added to store 
output commands generated during state 
transitions, and to hold the output constant 
during state sequences involving no output 
changes. If desired, any number of bits of the 
Output Register can be used to extend the 
width of the State Register, via external 
feedback. 



November 1993 


29 






Philips Semiconductors Programmable Logic Devices 


Programmable logic 


Introduction 





Input Buffers 

16 external inputs (l m ) and 6 internal inputs 
(P s ), fed back from the State Register, are 
combined in the AND array through two sets 
of True/Complement (T/C) buffers. There are 
a total of 22 T/C buffers, all connected to 
multi-input AND gates via fusible links which 
are initially intact. 

Selective fusing of these links allows coupling 
either True, Complement, or Don’t Care 
values of (l m ) and (P s ). 

“AND” Array 

State jumps and output changes are triggered 
at clock time by valid transition terms T„. 
These are logical AND functions of the 
present state (P) and the present input (I). 

The PLUS 105 AND Array contains a total of 
48 AND gates. Each gate has 45 inputs - 
44 connected to 22 T/C input buffers, and 
1 dedicated to the Complement Array. The 
outputs of all AND gates are propagated 
through the OR Array, and used at clock time 
(t) to force the contents of the State Register 
from (P) to (N). they are also used to control 
the Output Register, so that the FPLS 8-bit 
output F r is a function of the inputs and the 
present state. The PLUS405 contains 64 
AND gates in its' AND array. 
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“OR” Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as 
determined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 

Thus, each flip-flop in both registers may 
need to be conditionally set or reset several 
times with T n commands. This is 
accomplished by selectively ORing through a 
programmable OR Array all AND gate 
outputs T n necessary to activate the proper 
flip-flop control inputs. 

The PLUS105 OR Array consists of 14 pairs 
of OR gates, controlling the S/R inputs of 14 
State and Output Register stages, and a 
single NOR gate for the Complement Array. 
All gates have 48 inputs for connecting to all 
48 AND gates. The PLUS405 uses 64 input 
gates. 

The PLUS405 contains 16 pairs of OR gates 
controlling state transitions and output stages 
and two additional NOR gates for dual 
complement arrays. 



Figure 25. Typical OR Array Gating of Transition Terms T l 2 ,3 Controlling 
Arbitrary State and Output Register Stages. 



Figure 26. The COMPLEMENT Array is Logically Constructed from a 
Multiple Input Programmable NOR Gate. All AND Terms Coupled to the 
OR Gate are Complemented at the Inverter Output, and Can be Fed Back 
as Inputs to the AND Array. 
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DIRECT 


T 1 = PoX 
T 2 = P 0 Y 


COMPLEMENT 


{ 


T 3 = P 0 (XY) = P 0 (T 1+ T 2 ) 



T 3 = Pq IPqX + PpY ) 
t 3 » Pq[Pq(X *Y)] 
T 3 = P 0 fh) + (X ♦ Y)J 
T 3 = o + PoiXTY) 

T 3 = Potf?) 


a. Typical State Sequence b. Complement Jump 

Figure 27. 

a. X and Y Specify the Conditional Logic for Direct Jump Transition Terms T-, 
and T 2 . The Complement Jump Term T 3 is True Only When Both T| and T 2 are 
False. 

b. Note that the Complementary Logic Expression for T 3 , Ti + T 2 , Corresponds 
Exactly to the Logic Structure of the Complement Array. 


Complement Array 

The Complement Array provides an 
asynchronous feedback path from the OR 
Array back to the AND Array. 

This structure enables the sequencer to 
perform both direct and complement 
sequential state jumps with a minimum of 
transition (AND) terms. 

Typically direct jumps, such as Ti and T 2 in 
Figure 27 require only a single AND gate 
each. 

But a complement jump such as T 3 generally 
requires many AND gates if implemented as 
a direct jump. However, by using the 
Complement Array, the logic requirements for 
this type of jump can be handled with just one 
more gate from the AND Array. Because it 
can be split into separate machines 
(2 clocks), the PLUS405 incorporates two 
Complement Arrays. 


As indicated in Figure 28, the single 
Complement Array gate may be used for 
many states of the state diagram. This 
happens because all transition terms linked to 
the OR gate include the present state as a 
part of their conditional logic. In any particular 
state, only those transition terms which are a 
function of that state are enabled; all other 
terms coupled to different states are disabled 
and do not influence the output of the 
Complement Array. As a general rule of 
thumb, the Complement Array can be used 
as many times as there are states. 
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a. State Diagram 



Tdi = k) h Po 

T d2 = <2 p O 


T c3 = ( T d1 + T d2> Po = 00 *1 + ! 2) p 0 


Td4 = *2 p 3 

Td6 = k) *1 PO 


TcS = <Td4 + T d6) p 3 = 00 *1 + >2) p 3 


T cn = COMPLEMENT STATE TRANSITION TERM 
Tdn = DIRECT STATE TRANSITION TERM 
P, = PRESENT STATE 


b. Logic Definition 



COMPLEMENT 

ARRAY 


Tdi Td2 T C 3 T,j 4 Td 6 T c s 
6 TRANSITION TERMS USED 
d. State Logic Using the Complement Array 


Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram in (a) Includes Complement Jumps T C3 and 
T C s Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (d). 


Additional features are available depending 
on a specific part. In particular, the 
PLC42VA12 has everything mentioned here, 
and more. More details on PLAs, PAL 
devices and Sequencers can be found in the 
application section later in the manual. 

Programmable Macro Logic, Philips 
Semiconductors very high density logic is 
fully described in detail in its own section. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(16x16x8) 


PHD16N8-5 


DESCRIPTION 

The PHD16N8-5 is an ultra fast 
Programmable High-speed Decoder featuring 
a 5ns maximum propagation delay. The 
architecture has been optimized using Philips 
Semiconductors state-of-the-art bipolar oxide 
isolation process coupled with 
titanium-tungsten fuses to achieve superior 
speed in any design. 

The PHD16N8-5 is a single level logic 
element comprised of 10 fixed inputs, 8 AND 
gates, and 8 outputs of which 6 are 
bidirectional. This gives the device the ability 
to have as many as 16 inputs. Individual 
3-State control of all outputs is also provided. 

The device is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 
Proprietary designs can be protected by 
programming the security fuse. 

The SLICE software package from Philips 
Semiconductors supports easy design entry 
for the PHD16N8-5 as well as other PLD 
devices. 

Order codes are listed below. 


FEATURES 

• Ideal for high speed system decoding 

• Super high speed at 5ns tpo 

• 10 dedicated inputs 

• 8 outputs 

- 6 bidirectional I/O 

- 2 dedicated outputs 

• Security fuse to prevent duplication of 
proprietary designs. 

• Individual 3-State control of all outputs 

• Field-programmable on industry standard 
programmers 

• Available in 20-pin Plastic Dual In-Line and 
20-Pin PLCC 

APPLICATIONS 

• High speed memory decoders 

• High speed code detectors 

• Random logic 

• Peripheral selectors 

• Machine state decoders 

• Footprint compatible to 16L8 

• Fuse/Footprint compatible to TIBPAD 


PIN CONFIGURATIONS 




N Package 



K> 

E 


to] 

Vcc 

n 

E 


in 

07 

12 

E 


ID 

B6 

13 

E 


23 

B5 

14 

E 


23 

B4 

15 

E 


m 

B3 

16 

E 



B2 

17 

E 


in 

B1 

18 

E 


m 

OO 

GND 



53 

19 

N - Plastic Dual In-Line Package (300mil-wide) 



A Package 




12 

11 K) V C c07 



E 

LEI rn H ng 


13 (T 

f 

• 


18] B6 

14 [T 




17] B5 

15 [6 




16] B4 

16 [7 




IS] B3 

17 [8 




14] B2 


[9j [10J |llj |l2| [13J 



18 

GND 19 00 B1 


A - Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual In Line Package; (300 mil-wide) 

PHD16N8-5N 

0173D 

20-Pin Plastic Leaded Chip Carrier; (350 mil square) 

PHD16N8-5A 

0400 E 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(16x16x8) 


PHD16N8-5 


FUNCTIONAL DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Min 

Max 

Vcc 

Supply voltage 

-0.5 

+7 

Vdc 

V,N 

Input voltage 

-0.5 

+5.5 

Vqc 

VOUT 

Output voltage 


+5.5 

Vdc 

•in 

Input currents 

-30 

+30 

mA 

•out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Min 

Max 

Vcc 

Supply voltage 

+4.75 

+5.25 

Vdc 

Tamb 

Operating free-air temperature 

0 

+75 

°C 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(16x16x8) 


PHD16N8-5 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb <! +75°C, 4.75 £ Vcc ^ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

wntmo- 

Low 

V C c = MIN 



0.8 

V 

■ 

High 

Vcc = MAX 

2.0 



V 

19 $ 

Clamp 

Vcc = MIN, Iin = — 18mA 


-0.8 

-1.5 

V 

Output voltage 



V cc = MIN, Vin = V| H or V, L 

mmm 




VOL 

Low 

Iql = +24mA 

mm 


0.5 

V 

VOH 

High 

Iqh = -3.2mA 




V 

Input current 



V cc = MAX 





1 IL 

Low 

V| N = +0.40V 


-20 

-250 

pA 

l|H 

High 

V IN = +2.7V 



25 

pA 

l| 

High 

Vin = V cc = Vcc MAX 



100 

pA 

Output current 

MV! 


V CC = MAX 






Output leakage 3 

V 0U t = +2.7V 



100 

pA 


Output leakage 3 

V 0 ut — +0.40V 



-100 

pA 


Short circuit 4 

VoUT = 0V 

-30 


-90 

mA 

Icc 

Vcc supply current 

Vcc = MAX 


115 

180 

mA 

Capacitance 5 



Vcc = +5V 




■ 

C|N 

Input 

V, N = 2.0V@f = 1MHz 


8 



C OUT 

I/O (B) 

Vqut = 2.0V @ f = 1 MHz 


8 


mm 


NOTES: 

1 . Typical limits are at V C c = 5.0V and T am b = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Leakage current for bidirectional pins is the worst case of l| L and I 0 zl or Iih and I 0 zh- 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

5. These parameters are not 1 00% tested, but are periodically sampled. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(16x16x8) 


PHD16N8-5 


AC ELECTRICAL CHARACTERISTICS 

0°C 5 T amb < +75°C, 4.75 ^Vcc< 5.25V, R, = 2000, R 2 = 3900 






TEST 

UMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITIONS 


MAX 

UNIT 

W 

Propagation delay 

(l,B)± 

Output ± 

C L = 50pF 


5 

ns 

tOE 2 

Output Enable 

<I,B)± 

Output enable 

C L = 50pF 


10 

ns 

too 2 

Output Disable 

d.B)± 

Input disable 

C L = 5pF 


10 

ns 


NOTES: 

t . tpo is tested with switch St closed and Cl = 50pF. 

2. For 3-State output; output enable times are tested with C L = 50pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl _ 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (Vqh - 0.5V) with Si open, and Low-to-High impedance tests are made to the V T = (Vql + 0.5V) level with Si closed. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links open, such that; 

1. All outputs are disabled. 

2. All p-terms are disabled in the AND array. 


TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

tpD 

Input to output propagation 
delay. 

too 

Input to Output Disable 
(3-State) delay (Output 
Disable). 

tOE 

Input to Output Enable 
delay (Output Enable). 





PROPAGATION DELAY - ns 













, 













































0 1234567 8 

TEST CONDITIONS; T amb - 75°C; 

V C C- 4-75V; C L -50pF; 

Rl - 200ft; R 2 - 390Q 

Worst-Case Propagation Delay vs. 
Number of Outputs Switching 



TIMING DIAGRAM 


MUST BE 
STEADY 


WILL BE 
STEADY 





DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


CHANGING; 

STATE 

UNKNOWN 


CENTER 
UNE IS HIGH 
IMPEDANCE 
"OFF" STATE 


3.0V 

1.SV 

OV 

VOH 

VOL 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(16x16x8) 


PHD16N8-5 


AC TEST LOAD CIRCUIT 


VOLTAGE WAVEFORMS 


NOTE: 

Ci and C2 are to bypass Vcc 10 GND. 




LOGIC PROGRAMMING 

The PHD16N8-5 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PHD16N8-5 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PHD16N8-5 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, 
each logic variable (I, B, P and D) from the 
logic equations is assigned a symbol. TRUE 
(High), COMPLEMENT (Low), DON'T CARE 
and INACTIVE symbols are defined below. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


“AND” ARRAY - (I, B) 






NOTE: 

1 . This is the initial state. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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Product specification 


Programmable high-speed decoder logic 
(16x16x8) 


PHD16N8-5 


PROGRAM TABLE 
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Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z35/PLC1 8V8ZI 


DESCRIPTION 

The PLC18V8Z35 and PLC18V8ZI are 
universal PAL® 1 devices featuring high 
performance and virtually zero-standby power 
for Opower sensitive applications. They are 
reliable, user-configurable substitutes for 
discrete TTL/CMOS logic. While compatible 
with TTL and HCT logic, the PLC18V8ZI can 
also replace HC logic over the V C c range of 
4.5 to 5.5V. 

The PLC18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 

Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, or a 
registered output with internal feedback. As a 
result, the PLC18V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 

A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8Z architecture to facilitate state 
machine design and testing. 

With a standby current of less than lOOpA 
and active power consumption of 
1.5mA/MHz, the PLC18V8Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 

The PLC18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 

Ordering information can be found below. 


ORDERING INFORMATION 


FEATURES 

• 20-pin Universal Programmable Array 
Logic 

• Virtually Zero-Standby-power 

- 20pA (typical) 

• Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP), PLCC (OTP), 
and SOL (OTP) 

• Functional replacement for Series 20 
PAL devices 

- Iol = 24mA 

• High-performance CMOS EPROM cell 
technology 

- Erasable 

- Reconfigurable 

- 100% testable 

• 35ns Max propagation delay (comm) 

• 40ns Max propagation delay (Industrial) 

• Up to 18 inputs and 8 input/output macro 
cells 

• Programmable output polarity 

• Power-up reset on all registers 

• Register Preload capability 

• Synchronous Preset/Asynchronous Reset 

• Security fuse to prevent duplication of 
proprietary designs 

• Design support provided using SLICE 
software development package and other 
CAD tools for PLDs 

APPLICATIONS 

• Battery powered instruments 

• Laptop and pocket computers 

• Industrial control 

• Medical Instruments 

• Portable communications equipment 


PIN C ONFIGURATIONS 

D, N, and FA Packages 



N = Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA « Ceramic DIP with Quartz Window (300mil-wide) 

D - Plasitc Small Outline Large Package (300mil-wide) 

A Package 

'd 

<2 h CLKVcc f 7 

IE HUH-MM 



■ 


JVo 

l 



l 

1 1 

pjj 


1 1 

U! 


" 1 


[9j [10| (Hi (12| [13| 
lg GND Ig/ Fo Fi 
OE 

A - Plastic Leaded Chip Carrier 


PIN LABEL DESCRIPTIONS 


1 

Dedicated input 

B 

Bidirectional input/output 

O 

Dedicated output 

D 

Registered output (D-type flip-flop) 

F 

Macrocell Input/Output 

CLK 

Clock input 

OE 

Output Enable 

Vcc 

Supply voltage 

GND 

Ground 


DESCRIPTION 

OPERATING CON- 
DITIONS 

ORDER CODE 

DRAWING 

NUMBER 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpo = 35ns) 

Commercial 

PLC18V8Z35N 

0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpo = 35ns) 

Temperature Range 

PLC18V8Z35FA 

0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpo = 35ns) 

± 5% Power 

PLC18V8Z35A 

0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (tpo = 35ns) 

Supplies 

PLC18V8Z35D 

0172D 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpo = 40ns) 

Industrial 

PLC18V8ZIN 

0408 B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (t PD = 40ns) 

Temperature Range 

PLC18V8ZIFA 

0584 B 

20-Pin (350mi! square) Plastic Leaded Chip Carrier Package (tpo = 40ns) 

+ 10% Power 

PLC18V8ZIA 

0400 E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (tpo = 40ns) 

Supplies 

PLC18V8ZID 

0172D 


1. PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PLC1 8V8Z35/PLC 1 8V8ZI 




October 22, 1993 


46 







Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z35/PLC1 8V8ZI 


PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 


PIN 

NO. 

PLC 

18V8Z 

m 

16R4 

16RP4 

16R6 

16RP6 

16R8 

16RP8 

m 

14L4 

14H4 

14P4 

12L6 

12H6 

12P6 

10L8 

10H8 

10P8 

1 

lo/CLK 

i 

CLK 

CLK 

CLK 

i 

1 

1 

1 

19 

F7 

B 

B 

B 

D 

i 

1 

1 

O 

18 

F6 

B 

B 

D 

D 

i 

1 

O 

o 

17 

F5 

B 

D 

D 

D 

i 

O 

O 

o 

16 

F4 

B 

D 

D 

D 

o 

O 

o 

o 

15 

F3 

B 

D 

D 

D 

0 

0 

o 

o 

14 

F2 

B 

D 

D 

D 

1 

0 

0 

o 

13 

FI 

B 

B 

D 

D 

1 

1 

o 

o 

12 

F0 

B 

B 

B 

D 

1 

1 

1 

0 

11 

Ig/UE 

1 

CE 

OE 

UE 

1 

1 

1 

1 


The Philips Semiconductors’ state-of-the-art 
Floating-Gate CMOS EPROM process yields 
bipolar equivalent performance at less than 
one-quarter the power consumption. The 
erasable nature of the EPROM process 
enables Philips Semiconductors to 
functionally test the devices prior to shipment 


to the customer. Additionally, this allows 
Philips Semiconductors to extensively stress 
test, as well as ensure the threshold voltage 
of each individual EPROM cell. 100% 
programming yield is subsequently 
guaranteed. 


FUNCTIONAL DIAGRAM 



OUTPUT MACRO CELL (OMC) 


FROM AND 



NOTE: 

Denotes a programmable cell location. 


THE OUTPUT MACRO CELL 
(OMC) 

The PLC1 8V8Z series devices have 8 
individually programmable Output Macro 
Cells. The 72 AND inputs (or product terms) 
from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 

Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 

Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1 n and AC2 n (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note that 
the configuration cell is automatically 
programmed based on the OMC 
configuration. 

DESIGN SECURITY 

The PLC18V8Z series devices have a pro- 
grammable security fuse that controls the ac- 
cess to the data programmed in the device. 

By using this programmable feature, propri- 
etary designs implemented in the device can- 
not be copied or retrieved. 
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Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z35/PLC1 8V8ZI 


CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
dock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


for all registered OMCs is common— from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 

If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the dock and output enable functions are 


enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 
programming codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 

L 

Pin 1 and Pin 1 1 = Input 

H 


FUNCTION 

CONTROL CELL CONFIGURATIONS 

COMMENTS 

AC1, 

AC2 N 

CONFIG. CELL 

Registered mode 

Programmed 

Programmed 

Programmed 

Dedicated dock from Pin 1 . OE Control 
for all registerd OMCs from Pin 1 1 only. 

Bidirectional I/O mode 1 

Unprogrammed 

Unprogrammed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. 

3-State control from AND array only. 

Fixed input mode 

Unprogrammed 

Programmed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. 

Fixed output mode 

Programmed 

Unprogrammed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. The 
feedback path (via F M ux) is disabled. 


NOTE: 

1 . This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL— AC1 and AC2 



NOTES: 


A factory shipped unprogrammed device is configured such that: 

1 . This is the initial unprogrammed state. All cells are in a conductive state. 

2. All AND gates are pulled to a logic “0" (Low). 

3. Output polarity is inverting. 

4. Pins 1 and 1 1 are configured as inputs 0 and 9. The clock and OE functions are disabled. 

5. All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 

6. This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically 
configured to ensure that the clock and output enable functions are enabled on Pins 1 and 11 , respectively, if any one OMC is programmed 
as registered. 


October 22, 1993 


48 


















































Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z35/PLC1 8V8ZI 


ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Vcc 

Supply voltage 

-0.5 to +7 

Vdc 

Vcc 

Operating supply voltage 

4.5 to 5.5 (Industrial) 

4.75 to 5.25 (Commercial) 

Vqc 

V|N 

Input voltage 

—0.5 to Vcc + 0.5 

Vdc 

Vour 

Output voltage 

-0.5 to Vcc + 0.5 

Vdc 

At/AV 

Input/clock transition rise or fall 2 

250 

ns/V 

maximum 

IlN 

Input currents 

-10 to +10 

mA 

•out 

Output currents 

+24 

mA 

Tamb 

Operating temperature range 

-40 to +85 (Industrial) 

0 to +75 (Commercial) 

°C 

T s tg 

Storage temperature range 

-65 to +150 

°C 


N ° TE: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 

2. All digital circuits can oscillate ortrigger prematurely when input rise and fall times are very long. 
When the input signal to a device is at or near the switching threshold, noise on the line will 
be amplified and can cause oscillation which, if the frequency is low enough, can cause 
subsequent stages to switch and give erroneous results. For this reason, Schmitt-triggers are 
recommended if rise/fall times are likely to exceed 250ns at V cc = 4.5V. 


AC TEST CONDITIONS 



Ci and C2 are to bypass Vcc ,0 GND. 


VOLTAGE WAVEFORMS 



October 22, 1993 


49 



































Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z35/PLC1 8V8ZI 


DC ELECTRICAL CHARACTERISTICS 

Commercial = 0°C 5 Tan* 2 +75°C, 4.75V < V cc < 5.25V; 
Industrial = -40°C S T al7 * ^ +85 °C, 4.5V < V C c S 5.5V 


SYMBOL 

PARAMETER 

TEST CONDITION 

Input voltage 

V |L 

Low 

V cc = MIN 

Vih 

High 

V cc = MAX 


Output voltage 2 


Input current 


Output current 


LIMITS 

"MIN 1 TY? I MAX UNIT 


VoL 

Low 

V cc = MIN, Iql = 20 pA 

V cc = MIN, I 0 l = 24mA 

VoH 

High 

Vcc = MIN, Iqh = —3.2mA 

Vcc = MIN, Iqh = — 20jiA 



2.4 

V cc -0.1V 


Iil 

Low 7 

v !N = gnd 

Iih 

High 

o 

o 

> 

II 

2 

> 


lo(OFF) 

Hi-Z state 

Vout = Vcc 

V 0UT = GND 

los 

Short-circuit 3 

Vout = GND 

Icc 

V c c supply current (Standby) 

V cc = MAX, Vin = 0 or Vcc 8 

lcc/f 

Vcc supply current (Active) 4 

V cc = MAX (CMOS inputs) 5 - 6 


Capacitance 


Ci 

Input 

ZoP 
n w 
o 11 

O 2 
>> 

C B 

I/O 

1 V B = 2.0V 



-10 

pA 

10 

pA 


10 

-10 

pA 

pA 

-130 

mA 

100 

pA 

1.5 

mA/MHz 




0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 

Figure 2. Atpo vs Output Capacitance 
Loading (Typical) 


NOTES: 

1 . All typical values are at Vcc = 5 V, T amb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one at a time. 

4. Tested with TTL input levels: V||_ = 0.45V. Vih = 2.4V. Measured with all outputs switching. 

5. Alcc |/ TTL input = 2mA. 

6. Al C c vs frequency (registered configuration) = 2mA/MHz, 

7. Iil for Pin 1 (lo/CLK) is ± lOpA with V| N = 0.4V. 

8. Vin includes CLK and OE if applicable. 
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AC ELECTRICAL CHARACTERISTICS 4 

Commercial = 0°C £ T arT *, S +75°C, 4.75V < V C c ^ 5.25V; 
Industrial = -40°C < T amb < +85°C, 4.5V < V C c < 5.5V; R 2 = 390ft 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST CONDITION 1 

PLC18V8Z35 

(Commercial) 

PLC18V8ZI 

(Industrial) 

UNIT 

Ri (ft) 

C L 

(pF) 

E 

MAX 

MIN 

MAX 

Pulse width 

tCKP 

Clock period 
(Minimum 
tis + Icko) 

CLK + 

CLK + 

200 

50 

47 

■ 

57 

■ 

ns 

tCKH 

Clock width High 

CLK + 

CLK- 

200 

50 

20 


25 


ns 

•CKL 

Clock width Low 

CLK- 

CLK + 

200 

50 

20 


25 


ns 

tARW 

Async reset 
pulse width 

l±, F+ 




35 



■ 

40 

| 

ns 

Hold time 

t|H 

Input or feedback 
data hold time 

CLK + 

Input ± 

200 

50 

0 


0 

■ 

ns 

Setup time 

t|S 

Input or feedback 
data setup time 

l±, F± 

CLK + 

200 

50 

25 


30 


ns 

Propagation delay 

tpD 

Delay from input 
to active output 

l±, F± 

F+ 

200 

50 


35 


40 

ns 

tCKO 

Clock High to 
output valid 
access Time 

CLK + 

F± 

200 

50 


22 


27 

ns 

tOEl 3 

Product term 
enable to outputs 
off 

l±,F± 

F± 

Active-High R = 1 ,5k 
Active-Low R = 550 

50 


35 


40 

ns 

tool 2 

Product term 
disable to outputs 
off 

l±, F± 

F+ 

From Vqh R = 00 
From Vol R = 200 

5 


35 


40 

ns 

tOD2 2 

Pin 11 output 
disable High to 
outputs off 

OE- 

F± 

From Voh R = " 
From Vol R = 200 

5 


25 


30 

ns 

tOE2 3 

Pin 11 output 
enable to active 
output 

OE + 

F± 

Active-High R = 1.5k 
Active-Low R = 550 

50 


25 


30 

ns 

tARD 

Async reset delay 

l±, F+ 

F + 




35 


40 

ns 

tARR 

Async reset recov- 
ery time 

l±,F± 

CLK + 


■ 

25 

■ 

30 

H 

ns 

tSPR 

Sync preset recov- 
ery time 

l±, F± 

CLK + 


■ 

25 


30 

■ 

ns 

tppR 

Power-up reset 

Vcc + 

F + 




35 


40 

ns 

Frequency of operation 

*max 

Maximum frequency 

l/(t(s + tCKO) 

200 

50 


21 


18 

MHz 


NOTES: 


1 . Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with Cl = 50pF to the 1 .5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl _ 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h -0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with St closed. 

3. Resistor values of 1 ,5k and 550ft provide 3-State levels of 1 ,0V and 2.0V, respectively. Output timing measurements are to 1 .5V level. 

4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns. 
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POWER-UP RESET 

In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated in the PLC18V8Z. All internal 
registers will reset to Active-Low (logical “0”) 
after a specified period of time (tppp). 


Therefore, any OMC that has been 
configured as a registered output will always 
produce an Active-High on the associated 
output pin because of the inverted output 
buffer. The internal feedback (Q) of a 


registered OMC will also be set Low. The 
programmed polarity of OMC will not affect 
the Active-High output condition during a 
system power-up condition. 


TIMING DIAGRAMS 



3.oy? 

v cc 

^>*4.5V 

— «PPR— 


(OUTPUTS) 


^1.5V 

^1.5V 




*<CKO* 

(INPUTS) '/'ft/'/'/ 


(,. s » 




I* - 'CKL - *■ 

! IH — 4* 'IS 

™' / Z422l 


.A / 

^1.5V 1.5 V y- \S V 



* >IS * 

* *CKH 4* *CKL -* 


>CKP 


+5V 


0V 

v OH 

v OL 

+3V 

0V 

+3V 

0V 


NOTE: 

Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 

Power-Up Reset 
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REGISTER PRELOAD FUNCTION 
(DIAGNOSTIC MODE ONLY) 

In order to facilitate the testing of state 
machine/controller designs, a diagnostic 
mode register preload feature has been 
incorporated into the PLC18V8Z series 
device. This feature enables the user to load 


the registers with predetermined states while 
a super voltage is applied to Pins 1 1 and 6 
(Ig/OH and l 5 ). (See diagram for timing and 
sequence.) 

To read the data out, Pins 11 and 6 must be 
returned to normal TTL levels. The outputs, 
Fq- 7 , must be enabled in order to read data 


out. The Q outputs of the registers will reflect 
data in as input via Fo- 7 during preload. 
Subsequently, the register Q output via the 
feedback path will reflect the data in as input 
via F 0 - 7 - 

Refer to the voltage waveform for timing and 
voltage references. tpi. = lOpsec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 
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LOGIC PROGRAMMING 

The PLC18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package, ABEL™ and 
CUPL™ 90 design software packages also 
support the PLC18V8Z architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY - (O, B) 



PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 

With Logic programming, the 
AND/OR/EX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 


various OMC configurations are implemented 
by programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 

In this table, the logic state of variables I, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


‘AND” ARRAY - (I, B) 


o— t : C_ ) 


STATE 

■ESBM 

DON'T CARE 



c c:; 




■KSQDGHU 







9 


STATE 


1, B 





1.8 

.0 


V. 




■KflHH 

■ 


NOTE: 

1 . A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC1 8V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
PLC18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


The recommended erasure procedure for the 
PLC1 8V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
1 5Wsec/cm 2 . The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12 , OOOji W/ cm 2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm 2 ). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 


>1 

^ JO 


S' 03 E 
CD </i o 
C O 


2; ■£§ 


3 "S 

</i == 


> 0 

0 £ 

■8-1 

1 8 

£ o 

2 a 

o> 


D) ~ 

1! 

£ 0 

03 £ 
03 


"§-5 0 
" ‘ |-§ 


0 C 

1 8 « 




p a o "s 


C D) 

.. g-Q 

« 3 Z 
" <D < 

O “< 


3£ 


* « 
0 Vi 
0 X> 

o 2 <2 

♦3 0^ 

0 0 Q. 

.£5 

g> ~ o 

§ f| 

Si* 

£ < 5 


HI £ 
2 Q 


CC qj 

UJ c /5 


CONFIGURATION CELL (CLK/OE CONTROL) 
ARCR CONTROL BITS 1 ' ' ' 

OUTPUT POLARITY 


■H 

tm 


□1 


Cl 

niri* 

19 

Kl’MIM.lij: 

E 



Ffl) 




OR (FIXED) 


F (B. O, D) 


-19 18jJ7i ISLlSi 1 4 l 13l 1 2 l 



1 

HXED INPUT 

n 

RXED OUTPUT 

D 

BIDIRECTIONAL I/O 

a 


OUTPUT POLARITY 


OR ARRAY (FIXED) 


NON-INVERTING 

H 

INVERTING 

L 

CONRG. CELL* 

PIN 1 = CLK; PIN 11 =0E 

L 


m 


DATA CANNOT BE ENTERED 
INTO THE OR ARRAY FIELD 
DUE TO THE FIXED NATURE 
OF THE DEVICE ARCHITEC- 
TURE 

DIRECTION CONTR OL! D 
ACTIVE OUTPUT 


THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE 
• FOR SP, AR: IS NOT ALLOWED. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION 

The PLC18V8Z is a universal PAL® device 
featuring high performance and virtually 
zero-standby power for power sensitive 
applications. They are reliable, 
user-configurable substitutes for discrete 
TTL/CMOS logic. While compatible with TTL 
and HCT logic, the PLC18V8Z can also 
replace HC logic over the V cc range of 4.5 to 
5.5V. 

The PLC18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates 
(product terms) and 8 output Macro cells. 

Each output features an “Output Macro Cell” 
which can be individually configured as a 
dedicated input, a combinatorial output, or a 
registered output with internal feedback. As a 
result, the PLC1 8V8Z is capable of emulating 
all common 20-pin PAL devices to reduce 
documentation, inventory, and manufacturing 
costs. 

A power-up reset function and a Register 
Preload function have been incorporated in 
the PLC18V8Z architecture to facilitate state 
machine design and testing. 

With a standby current of less than 1 0OpA 
and active power consumption of 
1 .5mA/MHz, the PLC1 8V8Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 

The PLC1 8V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of -40°C to 
+85°C and supply voltage of 4.5V to 5.5V. 

Ordering information can be found below. 


FEATURES 

• 20-pin Universal Programmable Array 
Logic 

• Virtually Zero-Standby-power 

- 20|iA (typical) 

• Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP), PLCC (OTP), 
and SOL (OTP) 

• Functional replacement for Series 20 
PAL devices 

- loL = 24mA 

• High-performance CMOS EPROM cell 
technology 

- Erasable 

- Reconfigurable 

- 100% testable 

• 25ns Max propagation delay (comm) 

• Up to 18 inputs and 8 input/output macro 
cells 

• Programmable output polarity 

• Power-up reset on all registers 

• Register Preload capability 

• Synchronous Preset/Asynchronous Reset 

• Security fuse to prevent duplication of 
proprietary designs 

• Design support provided using SLICE 
software development package and other 
CAD tools for PLDs 

APPLICATIONS 

• Battery powered instruments 

• Laptop and pocket computers 

• Industrial control 

• Medical Instruments 

• Portable communications equipment 


ORDERING INFORMATION 


PIN CONFIGURATIONS 


D, N, and FA Packages 

10/CLK m 


2§ Vcc 

mm 


19) F7 

mm 


18] F6 

'3 0 



mm 

/~\ 


m | 



mm 


m3 F2 

17 0 





jZ] F0 

GND 


jT) 19/OE 


N = Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA = Ceramic DIP with Quartz Window (300mil-wide) 

D = Plasitc Small Outline Large Package (300mil-wide) 

A Package 

10/ 

12 II CLKv CC F7 


HMHUiM 


13 [T 

/ 

• 

Ts] F6 

14 |T 


17] F5 

15 [6 


71] F4 

16 [7 


15] F3 

17 [B 


Ti] F2 




IB GND 19/ F0 FI 
OE 

A = Plastic Leaded Chip Carrier 

PIN LABEL DESCRIPTIONS 


1 

Dedicated input 

B 

Bidirectional input/output 

O 

Dedicated output 

D 

Registered output 
(D-type flip-flop) 

F 

Macrocell Input/Output 

CLK 

Clock Input 

OE 

Output Enable 

Vcc 

Supply Voltage 

GND 

Ground 


DESCRIPTION 

OPERATING 

CONDITIONS 

ORDER CODE 

DRAWING 

NUMBER 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpo = 25ns) 

Commercial 
Temperature Range 

+ 5% Power 

Supplies 

PLC18V8Z25N 

0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpo = 25ns) 

PLC18V8Z25FA 

0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier (tpo = 25ns) 

PLC18V8Z25A 

0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (tpo = 25ns) 

PLC18V8Z25D 

0172D 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpo = 25ns) 

Industrial 

Temperature Range 

± 10% Power 
Supplies 

PLC18V8ZIAN 

0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpc = 25ns) 

PLC1 8V8ZIAFA 

0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpo = 25ns) 

PLC18V8ZIAA 

0400 E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (t PD = 25ns) 

PLC18V8ZIAD 

0172D 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 


PIN 

NO. 

PLC 

18V8Z 

IHT1 

16R4 

16RP4 

16R6 

16RP6 

16R8 

16RP8 

m 

14L4 

14H4 

14P4 

12L6 

12H6 

12P6 

10L8 

10H8 

10P8 

1 

lo/CLK 

1 

CLK 

CLK 

CLK 

1 

1 

1 

1 

19 

F7 

B 

B 

B 

D 

1 

1 

1 

O 

18 

F6 

B 

B 

D 

D 

1 

1 

O 

O 

17 

F5 

B 

D 

D 

D 

1 

O 

O 

O 

16 

F4 

B 

D 

D 

D 

0 

0 

0 

O 

15 

F3 

B 

D 

D 

D 

0 

O 

O 

O 

14 

F2 

B 

D 

D 

D 

1 

0 

0 

0 

13 

FI 

B 

B 

D 

D 

1 

1 

0 

0 

12 

FO 

B 

B 

B 

D 

pi 

1 

1 

0 

11 

Ig/OE 

1 

OE 

OE 

OE 

1 

1 

1 

1 


The Philips Semiconductors’ state-of-the-art 
Floating-Gate CMOS EPROM process yields 
bipolar equivalent performance at less than 
one-quarter the power consumption. The 
erasable nature of the EPROM process 
enables Philips Semiconductors to 
functionally test the 

OUTPUT MACRO CELL (OMC) 


devices prior to shipment to the customer. 
Additionally, this allows Philips 
Semiconductors to extensively stress test, as 
well as ensure the threshold voltage of each 
individual EPROM cell. 100% programming 
yield is subsequently guaranteed. 


FUNCTIONAL DIAGRAM 



THE OUTPUT MACRO CELL 
(OMC) 

The PLC18V8Z series devices have 8 
individually programmable Output Macro 
Cells. The 72 AND inputs (or product terms) 
from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 
Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 

Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1 n and AC2 n (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note 
that the configuration cell is automatically 
programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a 
programmable security fuse that controls the 
access to the data programmed in the 
device. By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 


FROM AND 



NOTE: 

S Denotes a programmable cell location. 
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CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
dock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


for all registered OMCs is common — from Pin 
11 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 

If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the dock and output enable functions are 


enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 
programming codes are as follows: 


Pin 1 = CLK, Pin 11 =CE 

L 

Pin 1 and Pin 11 = Input 

H 


FUNCTION 

CONTROL CELL CONFIGURATIONS 

COMMENTS 

AC1, 

AC2n 

CONFIG. CELL 

Registered mode 

Programmed 

Programmed 

Programmed 

Dedicated dock from Pin 1 . OE Control 
for all registerd OMCs from Pin 1 1 only. 

Bidirectional I/O mode 1 

Unprogrammed 

Unprogrammed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. 

3-State control from AND array only. 

Fixed input mode 

Unprogrammed 

Programmed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. 

Fixed output mode 

Programmed 

Unprogrammed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fmux) is disabled. 


NOTE: 


1 . This is the virgin state as shipped from the factory. 

ARCHITECTURE CONTROL— AC1 and AC2 



NOTES: 


A factory shipped unprogrammed device is configured such that: 

1 . This is the initial unprogrammed state. All cells are in a conductive state. 

2. All AND gates are pulled to a logic “0" (Low). 

3. Output polarity is inverting. 

4. Pins 1 and 1 1 are configured as inputs 0 and 9. The clock and OE functions are disabled. 

5. All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 

6. This configuration cannot be used if any OMCs are configured as registered (Code = D). 
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ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

v cc 

Supply voltage 

-0.5 to +7 

Vdc 

V CC 

Operating supply voltage 

4.5 to 5.5 (Industrial) 

4.75 to 5.25 (Commercial) 

V DC 

V|N 

Input voltage 

-0.5 to Vcc + 0.5 

Vdc 

V OUT 

Output voltage 

—0.5 to Vcq + 0.5 

Vqc 

At/AV 

Input/clock transition rise or fall 2 

250 

ns N 

maximum 

•in 

Input currents 

-10 to +10 

mA 

■out 

Output currents 

+24 

mA 

Tamb 

Operating temperature range 

—40 to +85 (Industrial) 

0 to +75 (Commercial) 

°C 

Tstg 

Storage temperature range 

-65 to + 1 50 

°C 


NOTE: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 

2. All digital circuits can oscillate or trigger prematurely when input rise and fall times are very long . 
When the input signal to a device is at or near the switching threshold, noise on the line will 
be amplified and can cause oscillation which, if the frequency is low enough, can cause 
subsequent stages to switch and give erroneous results. For this reason, Schmitt-triggers are 
recommended if rise/fall times are likely to exceed 250ns at Vcc = 4.5V. 


AC TEST CONDITIONS 



Ci and C2 are to bypass Vcc ,0 GND - 


VOLTAGE WAVEFORMS 
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DC ELECTRICAL CHARACTERISTICS 

Commercial = 0°<,C < T amb £ +75°C, 4.75V £ Vcc ^ 5.25V; 
Industrial = -40°C 5 Tan* < +85°C, 4.5V <V CC ^ 5.5 V 


SYMBOL 

PARAMETER 

TEST CONDITION 

Input voltage 

V,L 

Low 

V CC = MIN 

V|H 

High 

Vcc = MAX 

Output voltage 2 

VOL 

Low 

Vcc = MIN, Iol = 20pA 

Vcc = MIN, Iol = 24mA 

Vqh 

High 

Vcc = MIN, Iqh = -3.2mA 

Vcc = MIN, Iqh - -20|iA 


Input current 


IlL 

Low 7 

V| N = GND 

IlH 

High 

VlN = Vcc 


Output current 


b(OFF) 

Hi-Z state 

VoUT = Vcc 

Vout = GND 

bs 

Short-circuit 3 

Vout = GND 

be 

Vcc supply current (Standby) 

V cc = MAX, Vin = 0 or V cc 8 

bc/f 

Vcc supply current (Active) 4 

V cc = MAX (CMOS inputs) 5 - 6 


Capacitance 


c ( 

Input 

V cc = 5V 

Vin = 2.0V 

Cb 

I/O 

V B = 2.0 V 



MAX 

UNIT 


0.8 

V 

V CC + 0.3 

V 



-10 

pA 

10 

pA 


10 

-10 

pA 

pA 

-130 

mA 

100 

pA 

1.5 

mA/MHz 



1 

1 

a 

B 

% 

1 

1 

a 

1 

1 


a 

a 


1 



0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 

Figure 2. At PD vs Output Capacitance 
Loading (Typical) 


NOTES: 

1. All typical values are at Vcc = 5V, Tan* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one at a time. 

4. Tested with TTL input levels; V||_ = 0.45V, Vih = 2.4V. Measured with all outputs switching. 

5. Alcc/TTL input = 2mA. 

6. Alec v s frequency (registered configuration) = 2mA/MHz. 

7. I| L for Pin 1 (lo/CLK) is ± lOpA with V iN = 0.4V. 

8. Vin includes CLK and OE if applicable. 
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Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z25/PLC1 8V8ZIA 


AC ELECTRICAL CHARACTERISTICS 4 

Commercial = 0°C < T amb 2 +75°C, 4.75V < Vcc < 5.25V; 
Industrial = -40°C < T amb ^ +85 °C, 4.5V < V cc ^ 5.5V; R 2 = 390Q 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST CONDITION 1 

PLC18V8Z25 

(Commercial) 

PLC18V8ZIA 

(Industrial) 

UNIT 

Ri (O) 

C L 

(pF) 

MIN 

MAX 

MIN 

MAX 

Pulse width 

*CKP 

Clock period 
(Minimum tis + tcKo) 

CLK + 

CLK + 

200 

50 

33 

■ 

33 


ns 

tCKH 

Clock width High 

CLK + 

CLK- 

200 

50 

15 


15 


ns 

tCKL 

Clock width Low 

CLK- 

CLK + 

200 

50 

15 


15 


ns 

tARW 

Async reset pulse width 

l+, F± 




25 


25 


ns 

Hold time 

t|H 

Input or feedback 
data hold time 

CLK + 

Input + 

200 

50 

0 


0 


ns 

Setup time 

tis 

Input or feedback 
data setup time 

l±, F± 

CLK + 

200 

50 

18 


18 


ns 

Propagation delay 

tpD 

Delay from input 
to active output 

l±,F± 

F+ 

200 

50 

H 

25 

BH 

25 

ns 

•CKO 

Clock High to output valid 
access Time 

CLK + 

F+ 

200 

50 

■ 

15 


15 

ns 

tOEl 3 

Product term enable to 
outputs off 

1 ±, F+ 

F± 

Active-High R = 1 .5k 
Active-Low R = 550 

50 

■ 

25 

■ 

25 

ns 

tODI 2 

Product term disable to 
outputs off 

l±, F± 

F± 

From Voh R = °° 
From Vol R = 200 

5 

■ 

25 

■ 

25 

ns 

tOD2 2 

Pin 11 output disable High 
to outputs off 

OE- 

F± 

From Voh R = 00 
From Vol R = 200 

5 


20 

■ 

20 

ns 

tOE2 3 

Pin 1 1 output enable to 
active output 

OE + 

F+ 

Active-High R= 1.5k 
Active- Low R = 550 

50 

■ 

20 

■ 

20 

ns 

URD 

Async reset delay 

l±, F± 

F + 




30 


30 

ns 

*ARR 

Async reset recovery time 

l±, F± 

CLK + 



20 


20 


ns 

*SPR 

Sync preset recovery time 

l±, F± 

CLK + 



20 


20 


ns 

tPFR 

Power-up reset 

Vcc + 

F + 




25 


25 

ns 

Frequency of operation 

fMAX 

Maximum frequency 

l/(tts + *CKO) 

200 

50 


30 


30 

MHz 


NOTES: 

1 . Refer also to AC Test Conditions. (Test Load Circuit) 

2. For 3-State output; output enable times are tested with Cl = 50pF to the 1 .5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (V 0 h -0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (V 0 l + 0.5V) level with Si closed. 

3. Resistor values of 1 ,5k and 550Q provide 3-State levels of 1 ,0V and 2.0V, respectively. Output timing measurements are to 1 ,5V level. 

4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns. 
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Philips Semiconductors Programmable Logic Device Products 


Product specification 


Zero standby power 
CMOS versatile PAL devices 


PLC1 8V8Z25/ PLC1 8V8ZIA 


POWER-UP RESET 

In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated in the PLC18V8Z. All internal 
registers will reset to Active-Low (logical “0”) 
after a specified period of time (tppp). 


Therefore, any OMC that has been 
configured as a registered output will always 
produce an Active-High on the associated 
output pin because of the inverted output 
buffer. The internal feedback (Q) of a 


registered OMC will also be set Low. The 
programmed polarity of OMC will not affect 
the Active-High output condition during a 
system power-up condition. 


TIMING DIAGRAMS 


INPUTS 
I/O, REG. 
FEEDBACK 


REGISTERED 

OUTPUTS 


ANY INPUT ~7~j 
PROGRAMMED FOR X 
DIRECTION CONTROL . 


COMBINATORIAL 

OUTPUTS 


/ V 


•>1H 




- *CKL • 


/ 1 / \ 


/ 


'CKO 


i 


1 

"OD2 *1 to£2 

\ 3-STATE |/ 




y///////////yj 


Switching Waveforms 



!X 


l.'ODl.j 

| I 

r — 'oei 

< } 

3-STATE 


c 


Vcc ^ 

r^'ppR - * 

ov 

(OUTPUTS) 


^1.5V 

r v OH 

\ 1.5V 




[•'CKO* 

(INPUTS) 

ym 

(,.s» 


^1.5V 



<CKL - * - 

— t, H — 

\~— - 'is - ■ ** 




A ? 

^1.5V 

• <CKH - 

"V" 7 

/ +3V 

^ 1.5V 



* t| S * 

4* - <CKL *■ 



— 'CKP — 

NOTE: 

Diagram presupposes that the oulpuls (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled). 

Power-Up Reset 
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TIMING DIAGRAMS (Continued) 



Synchronous Preset 
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REGISTER PRELOAD FUNCTION 
(DIAGNOSTIC MODE ONLY) 

In order to facilitate the testing of state 
machine/controller designs, a diagnostic 
mode register preload feature has been 
incorporated into the PLC18V82 series 
device. This feature enables the user to load 


the registers with predetermined states while 
a super voltage is applied to Pins 1 1 and 6 
(19/DE and 15). (See diagram for timing and 
sequence.) 

To read the data out, Pins 1 1 and 6 must be 
returned to normal TTL levels. The outputs, 
FO - F7, must be enabled in order to read 


data out. The Q outputs of the registers will 
reflect data in as input via FO - F7 during 
preload. Subsequently, the register Q output 
via the feedback path will reflect the data in 
as input via F0-F7. 

Refer to the voltage waveform for timing and 
voltage references. tpL = 1 Opsec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 
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PLC1 8V8Z25/PLC1 8V8ZIA 


LOGIC PROGRAMMING 

The PLC18V8Z series is fully supported by 
industry standard {JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLC18V8Z architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


OUTPUT POLARITY - (O, B) 



PLC18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 

With Logic programming, the 
AND/OR/EX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 


various OMC configurations are implemented 
by programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 

In this table, the logic state of variables I, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


AND” ARRAY - (I, B) 




I, B 

!,B 




STATE 


DON'T CARE 



-ce:: 


V. 


j STATE 



n°n 


^ T.B 


V. 


STATE 


1, B 

H 1 




I, B 

f,ff 




STATE 

(E223I 

Iff 

1 L 1 


NOTE: 

1 . A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 
4000 Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical PLC18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
PLC1 8V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


The recommended erasure procedure for the 
PLC18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
1 5Wsec/cm 2 . The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,OOOp.W/cm z power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm 2 ). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 1 0 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 


CONFIGURATION CELL (CLK/OE CONTROL) 
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PIN 1, PIN 11 = INPUT 
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DUE TO THE RXED NATURE 
OF THE DEVICE ARCHITEC- 
TURE. 

' DIRECTION CONTROL 1 ~ 


ACTIVE OUTPUT 




THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 
* FOR SP, AR: IS NOT ALLOWED. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Product specification 


PAL devices 

16L8, 16R8, 16R6, 16R4 


PLUS'! 6R8D/-7 SERIES 


FEATURES 

• Ultra high-speed 

- tpp = 7.5ns and f MAX = 74MHz for the 
PLUS16R8-7 Series 

- tpo = 10ns and f MAX = 60 MHz for the 
PLUS16R8D Series 

• 100% functionally and pin-for-pin 
compatible with industry standard 20-pin 
PAL® ICs 

• Power-up reset function to enhance state 
machine design and testability 

• Design support provided via SNAP and 
other CAD tools for Series 20 PAL devices 

• Field-programmable on industry standard 
programmers 

• Security fuse 

• Individual 3-State control of all outputs 


DESCRIPTION 

The Philips Semiconductors PLUS16XX 
family consists of ultra high-speed 7.5ns and 
1 0ns versions of Series 20 PAL devices. 

The PLUS16XX family is 100% functional 
and pin-compatible with the 16L8, 16R8, 
16R6, and 16R4 Series devices. 

The sum of products (AND-OR) architecture 
is comprised of 64 programmable AND gates 
and 8 fixed OR gates. Multiple bidirectional 
pins provide variable input/output pin ratios. 
Individual 3-State control of all outputs and 
registers with feedback (R8, R6, R4) is also 
provided. Proprietary designs can be 
protected by programming the security fuse. 

The PLUS16R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 

In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated into these devices to reset all 


internal registers to Active-Low after a 
specific period of time. 

The Philips Semiconductors State-of-the-Art 
oxide isolation Bipolar fabrication process is 
employed to achieve high-performance 
operation. 

The PLUS16XX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 

The SNAP software package from Philips 
Semiconductors supports easy design entry 
for the PLUS16XX series as well as other 
PLD devices from Philips Semiconductors. 
The PLUS16XX series are also supported by 
other standard CAD tools for PAL-type 
devices. 

Order codes are listed in the Ordering 
Information table. 


DEVICE NUMBER 

DEDICATED 

COMBINATORIAL 

REGISTERED 


INPUTS 

OUTPUTS 

OUTPUTS 

PLUS16L8 

10 

8 (6 I/O) 

0 

PLUS16R8 

8 

0 

8 

PLUS16R6 

8 

21/0 

6 

PLUS16R4 

8 

41/0 

4 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual-ln-Line 

300mil-wide 

PLUS16R8DN 

PLUS16R6DN 

PLUS16R4DN 

PLUS16L8DN 

PLUS16R8-7N 

PLUS16R6-7N 

PLUS16R4-7N 

PLUS16L8-7N 

0408 B 


PLUS16R8DA 

PLUS16R6DA 

PLUS16R4DA 


20-Pin Plastic Leaded Chip Carrier (PLCC) 

PLUS16L8DA 

PLUS16R8-7A 

PLUS16R6-7A 

PLUS16R4-7A 

PLUS16L8-7A 

0400E 


NOTE: 


The PLUS16XX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Philips 
Semiconductors Military Data Book. 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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16L8, 16R8, 16R6, 16R4 


PLUS16R8D/-7 SERIES 




>2 h >0 Vcc <>7 

rrimrTiraM 


AND 

OR OUTPUTS 
ARRAY 


LUU£JL!UL!£lL!iJ 

l 8 GND | 9 Oo B, 


SYMBOL DESCRIPTION 


Dedicated Input 

Dedicated combinatorial Output 

Registered output 

Bidirectional (input/output) 

Clock input 

Output Enable 

Supply Voltage 

Ground 



I, lo CLK Vcc °7 

ri m m ImI Rsi 



9 10 11 12 13 


l 7 GND OE Op Qi 


SYMBOL DESCRIPTION 


Dedicated Input 

Dedicated combinatorial Output 

Registered output 

Bidirectional (input/output) 

Clock input 

Output Enable 

Supply Voltage 

Ground 
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PLUS16R8D/-7 SERIES 


FUNCTIONAL DESCRIPTIONS 

The PLUS16XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 

The PLUS16XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS16L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS16R8, 
PLUS16R6, PLUS16R4, have respectively 8, 
6, and 4 output registers. 

3-State Outputs 

The PLUS16XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 


use a product term to control the enable 
function. 

Programmable Bidirectional Pins 

The PLUS16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually 
programmed as an input or output. The 
PLUS16L8 provides 10 dedicated inputs and 
6 Bidirectional I/O lines that can be 
individually configured as inputs or outputs. 

Output Registers 

The PLUS16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 

Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS16R8, R6, R4 
enhance state machine design and 
initialization capability. 

Software Support 

Like other Programmable Logic Devices from 
Philips Semiconductors, the PLUS16XX 


series are supported by SLICE, the 
PC-based software development tool from 
Philips Semiconductors. The PLUS16XX 
family of devices are also supported by 
standard CAD tools for PAL devices, 
including ABEL and CUPL. 

SLICE is available free of charge to qualified 
users. 

Logic Programming 

The PLUS16XX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PLUS16XX 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

Programming/Software Support 

Ref to Section 9 (Development Software) and 
Section 1 0. (Third-Party Programmer/ 
Software Support) of the PLD data handbook 
for additional information. 


AND ARRAY - (I, B) 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at "H" polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PLUS16R8D/-7 SERIES 


ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

O 

O 

> 

Supply voltage 

-0.5 

+7 

Vdc 

V,N 

Input voltage 

-1.2 

+8.0 

Vdc 

VoUT 

Output voltage 

-0.5 

V CC +0.5V 

Vdc 

•in 

Input currents 

-30 

+30 

mA 

•out 

Output currents 


+100 

mA 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

+4.75 

+5.25 

Vdc 

Tamb 

Operating free-air temperature 

0 

+75 

°C 
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PAL devices 

16L8, 16R8, 16R6, 16R4 


PLUS'! 6R8D/-7 SERIES 


DC ELECTRICAL CHARACTERISTICS 

0°C < T arnb £ +75°C, 4.75 S V cc £ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

VlL 

Low 

Vcc = MIN 

mm 


0.8 

V 

V| H 

High 

Vcc = MAX 




V 

V,c 

Clamp 

Vcc = MIN, Iin = — 1 8mA 

■ i 

-0.8 

-1.5 

V 

Output voltage 



Vcc = MIN, V, n = V,H or V IL 

■ 1 




VOL 

Low 

Iol = 24mA 

mm 



V 

VOH 

High 

Iqh = -3.2 mA 

1 


1 

V 

Input current 

1 


V cc = MAX 






Low 3 

V, N = 0.40V 



-250 

pA 


High 3 

Vin = 2.7V 



25 

pA 

HH 

Maximum input current 

V IN = V CC = V CCMAX 



100 

pA 

Output current 



Vcc = MAX 





bzH 

Output leakage 

Vout = 2.7V 



100 

pA 

bzL 

Output leakage 

VoUT = 0-4V 



-100 

pA 

bs 

Short circuit 4 - 5 

Vout = 0V 

-30 


-90 

mA 

be 

Vcc supply current 

Vcc = MAX 


160 

180 

mA 

Capacitance 6 

C IN 

Input 

V cc = 5V 







V OUT = 2.0V 


8 


pF 

Cb 

I/O (B) 

Vout = 2V,f = 1MHz 


8 


PF 


NOTES: 

1 . All typical values are at Vcc = 5V, T ar rto = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of Iil and lozt or Ijh and Iqzh- 

4. Test one at a time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 


September 10, 1993 


80 

















































Philips Semiconductors Programmable Logic Devices 


Product specification 


PAL devices 

16L8, 16R8, 16R6, 16R4 


PLUS'! 6R8D/-7 SERIES 


AC ELECTRICAL CHARACTERISTICS 

R, = 2000, R 2 = 390Q, 0°C < T amb < +75°C, 4.75 < V cc < 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

LIMITS 

UNIT 

-7 

D 

MIN 1 

TYP 

MAX 

MIN 1 

MAX 

Pulse Width 

*CKH 

Clock High 

CK+ 

CK- 

5 



7 


ns 

tCKL 

Clock Low 

CK- 

CK+ 

5 



7 


ns 

feKP 

Period 

CK+ 

CK+ 

10 



14 


ns 

Setup & Hold time 

t|S 

Input 

Input or 
feedback 

CK+ 

a 



9 


ns 

t|H 

Input 

CK+ 

Input or 
feedback 

0 



0 


ns 

Propagation delay 

tcKO 

Clock 

CK± 

Q± 

3 


6.5 

3 

7.5 

ns 

tcKF 

Clock 3 

CK± 

O 



3 


6.5 

ns 

tpD 

Output (16L8, R6, R4) z 

1, B 

Output 

3 


7.5 

3 

10 

ns 

tOEl 

Output enable 4 

OE 

Output enable 

3 


8 

3 

10 

ns 

tOE2 

Output enable 4 ' 5 

1 

Output enable 

3 


10 

3 

10 

ns 

t0D1 

Output disable 4 

OE 

Output disable 

3 


8 

3 

10 

ns 

k)D2 

Output disable 4 ' 5 

1 

Output disable 

3 


10 

3 

10 

ns 

tSKW 

Output 

Q 

Q 



1 


1 

ns 

tppR 

Power-Up Reset 

Vcc+ 

Q+ 



10 


10 

ns 

Frequency (16R8, R6, R4) 

f MAX 

No feedback 1/ (tc« L + Ickh) 6 


100 


71.4 


MHz 

Internal feedback 1/ (tis + tc«F) 6 


90 


64.5 


MHz 

External feedback 1/ (t| S + t C Ko) 6 


74 


60.6 


MHz 


* For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 


1. CL = OpF while measuring minimum output delays. 

2. tpo test conditions: CL = 50pF (with jig and scope capacitance), V| H = 3V, V ]L = OV, V 0 h = Vol = 1.5V. 

3. tcKF was calculated from measured Internal f^x- 

4. For 3-State output; output enable times are tested with Cl = 50pF to the 1 .5 V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (Vqh - 0.5V) with S 1 open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

5. Same function as toEi and Ldqi. with the difference of using product term control. 

6. Not 1 00% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


PAL devices 

16L8, 16R8, 16R6, 16R4 


PLUS16R8D/-7 SERIES 


TIMING DIAGRAMS 1 - 2 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

*CKH 

Width of input clock pulse. 

ICKL 

Interval between clock pulses. 

feKP 

Clock period. 

t|S 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|H 

Required delay between 
positive transition of clock and 
end of valid input data. 

*CKF 

Delay between positive 
transition of clock and when 
internal Q output of flip-flop 
becomes valid. 

tCKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 

toEl 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

tODI 

Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 

10E2 

Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 

k)D2 

Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 

fpPR 

Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1 " 
(internal Q outputs at “0"). 

tpD 

Propagation delay between 
combinational inputs and 
outputs. 


FREQUENCY DEFINITIONS 


*max No feedback: Determined by 
the minimum clock period, 
l/ftcKL + tcKH>- 
Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 
through the internal feedback 
and array to the flip-flop 
inputs, 1/(t,s + tc«p). 

External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1/(tis + tcKo)- 



NOTES: 

1 . Input pulse amplitude is OV to 3 V. 

2. Input rise and fall times are 2.5ns. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


PAL devices 

16L8, 16R8, 16R6, 16R4 


PLUS16R8D/-7 SERIES 


OUTPUT REGISTER PRELOAD 


The output registers can be preloaded to any desired state during device testing. This permits any state to be tested without having to step 
through the entire state-machine sequence. Each register is preloaded individually by following the steps given below. 

Step 1 . With Vcc at 5V and Pin 1 at V iL , raise Pin 1 1 to Vjhh- 

Step 2. Apply either Vil or V| H to the output corresponding to the register to be preloaded. 

Step 3. Pulse Pin 1 , clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 11 to Vu_. Preload can be verified by observing the voltage level at the output pin. 



NOTE: td-tsu-t*- 100ns to 1000ns. 

V|HH- 10.25V to 10.75V. 

Pin number references tor DIP package. 
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Product specification 


PAL devices 

16L8, 16R8, 16R6, 16R4 


PLUS'! 6R8D/-7 SERIES 


PROGRAMMING/SOFTWARE 

Refer to Section 9 (Development Software) and Section 10 (Third-Party Programmer/Software Support) of this data handbook for additional 
information. 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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PLUS16R8D/-7 SERIES 


SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 
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Product specification 


PAL devices 

20L8, 20 R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


FEATURES 

• Ultra high-speed 

- tpo = 7.5ns and f MAX = 74MHz for the 
PLUS20R8-7 Series 

- tpo = 10ns and fMAX = 60 MHz for the 
PLUS20R8D Series 

• 100% functionally and pin-for-pin 
compatible with industry standard 24-pin 
PAL® ICs 

• Power-up reset function to enhance state 
machine design and testability 

• Design support provided via SLICE and 
other CAD tools for Series 24 PAL devices 

• Field-programmable on industry standard 
programmers 

• Security fuse 

• Individual 3-State control of all outputs 


DESCRIPTION 

The Philips Semiconductors PLUS20XX 
family consists of ultra high-speed 7.5ns and 
10ns versions of Series 24 PAL devices. 

The PLUS20XX family is 1 00% functional 
and pin-compatible with the 20L8, 20R8, 
20R6, and 20R4 Series devices. 

The sum of products (AND-OR) architecture 
is comprised of 64 AND gates and 8 fixed OR 
gates. Multiple bidirectional pins provide 
variable input/output pin ratios. Individual 
3-State control of all outputs and registers 
with feedback (R8, R6, R4) is also provided. 
Proprietary designs can be protected by 
programming the security fuse. 

The PLUS20R8, R6, and R4 have D-type 
flip-flops which are loaded on the Low-to-High 
transition of the clock input. 

In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated into these devices to reset all 


internal registers to active-Low after a 
specific period of time. 

The Philips Semiconductors State-of-the-Art 
oxide isolation Bipolar fabrication process is 
employed to achieve high-performance 
operation. 

The PLUS20XX family of devices are field 
programmable, enabling the user to quickly 
generate custom patterns using standard 
programming equipment. See the 
programmer chart for qualified programmers. 

The SNAP software package from Philips 
Semiconductors supports easy design entry 
for the PLUS20XX series as well as other 
PLD devices from Philips Semiconductors. 
The PLUS20XX series are also supported by 
other standard CAD tools for PAL-type 
devices. 

Order codes are listed in the Ordering 
Information table. 


DEVICE NUMBER 

DEDICATED 

INPUTS 

COMBINATORIAL 

OUTPUTS 

REGISTERED 

OUTPUTS 

PLUS20L8 

14 

8 (6 I/O) 

0 

PLUS20R8 

12 

0 

8 

PLUS20R6 

12 

21/0 

6 

PLUS20R4 

12 

41/0 

4 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING 

NUMBER 


PLUS20R8DN 

PLUS20R6DN 

PLUS20R4DN 


24-Pin (300mils-wide) Plastic Dual-In-Line Package (DIP) 

PLUS20L8DN 

PLUS20R8-7N 

PLUS20R6-7N 

PLUS20R4-7N 

PLUS20L8-7N 

0410D 


PLUS20R8DA 

PLUS20R6DA 

PLUS20R4DA 


28-Pin (300mils-wide) Plastic Leaded Chip Carrier (PLCC) 

PLUS20L8DA 

PLUS20R8-7A 

PLUS20R6-7A 

PLUS20R4-7A 

PLUS20L8-7A 

0401 F 


•PAL is a registered trademark of Advanced Micro Devices, Inc. 
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INPUTS (0-39) 


NOTES: 

1 . All unprogrammod or virgin "AND" gate locations are pulled to logic "0". 

2. :j:x§ Programmable connections. 
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FUNCTIONAL DESCRIPTIONS 

The PLUS20XX series utilizes the familiar 
sum-of-products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 

The PLUS20XX series consists of four 
PAL-type devices. Depending on the 
particular device type, there are a variable 
number of combinatorial and registered 
outputs available to the designer. The 
PLUS20L8 is a combinatorial part with 8 user 
configurable outputs (6 bidirectional), while 
the other three devices, PLUS20R8, 
PLUS20R6, PLUS20R4, have respectively 8, 
6, and 4 output registers. 

3-State Outputs 

The PLUS20XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(Qn) are controlled by an external input 
(/OE), and the combinatorial outputs (On, Bn) 
use a product term to control the enable 
function. 


Programmable Bidirectional Pins 

The PLUS20XX products feature variable 
Input/Output ratios. In addition to 12 
dedicated inputs, each combinatorial output 
pin of tiie registered devices can be 
individually programmed as an input or 
output. The PLUS20L8 provides 14 dedicated 
inputs and 6 Bidirectional I/O lines that can 
be individually configured as inputs or 
outputs. 

Output Registers 

The PLUS20R8 has 8 output registers, the 
20R6 has 6, and the 20R4 has 4. Each 
output register is a D-type flip-flop which is 
loaded on the Low-to-High transition of the 
clock input. These output registers are 
capable of feeding the outputs of the 
registers back into the array to facilitate 
design of synchronous state machines. 

Power-up Reset 

By resetting all flip-flops to a logic Low, as the 
power is turned on, the PLUS20R8, R6, R4 
enhance state machine design and 
initialization capability. 

Software Support 

Like other Programmable Logic Devices from 
Philips Semiconductors, the PLUS20XX 


series are supported by SLICE, the 
PC-based software development tool from 
Philips Semiconductors. The PLUS20XX 
family of devices are also supported by 
standard CAD tools for PAL devices, 
including ABEL and CUPL. 

SLICE is available free of charge to qualified 
users. 

Logic Programming 

The PLUS20XX series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PLUS20XX 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of the PLD data handbook 
for additional information. 


AND ARRAY - (I, B) 



VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at “H" polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PLUS20R8D/-7 SERIES 


ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75° C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

-0.5 

+7 

Vdc 

V|N 

Input voltage 

-1.2 

+8.0 

V DC 

V OUT 

Output voltage 

-0.5 

V cc + 0.5V 

Vdc 

'in 

Input currents 

-30 

+30 

mA 

'out 

Output currents 


+100 

mA 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


OPERATING RANGES 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

+4.75 

+5.25 

Vdc 

Tamb 

Operating free-air temperature 

0 

+75 

°C 


September 10, 1993 


95 


























































Philips Semiconductors Programmable Logic Devices 
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PAL devices 

20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


DC ELECTRICAL CHARACTERISTICS 

0°c S T amb £ +75°C, 4.75 SV CC 5 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

1' ■ . 

TYP 1 

MAX 

Input voltage 2 

V|L 


Vcc = MIN 



0.8 

mm 

V|H 


Vcc = MAX 

2.0 



HH 

Vic 


V cc = MIN, Iin = -18mA 


-0.8 

-1.5 


Output voltage 



Vcc = MIN, V|n = V,n or Vil 



mm 

H H 

VOL 

Low 

Iol = 24mA 

Hi 



■ 

X 

o 

> 

High 

Iqh — -3 2mA 

1 



Hlllllt 

Input current 



Vcc = MAX 





1 IL 

Low 3 

V| N = 0.40V 



-250 

pA 

■iH 

High 3 

Vin = 2.7V 



25 

pA 

l| 

Maximum input current 

V|N = Vcc = VcCMAX 



100 

pA 

Output current 



Vcc = MAX 





i0ZH 

Output leakage 

Vout = 2.7 V 



100 

pA 

Iozl 

Output leakage 

Vout = 0.4V 



-100 

pA 

los 

Short circuit 4 - 5 

Vout = 0V 

-30 


-90 

mA 

Icc 

Vcc supply current 

Vcc = MAX 


150 

210 

mA 

Capacitance 6 

C|N 

Input 

Vcc=5V 







Vqut = 2.0V 


8 


pF 

C B 

I/O (B) 

Vqut = 2V, f = 1 MHz 


8 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V, Tan* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Leakage current for bidirectional pins is the worst case of l||_ and Iozl or Iih and Iqzh- 

4. Test one at a time. 

5. Duration of short circuit should not exceed 1 second. 

6. These parameters are not 100% tested but periodically sampled. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


PAL devices 

20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


AC ELECTRICAL CHARACTERISTICS 

R, = 2000, R 2 = 390Q, 0°C < Tamb £ +75°C, 4.75 < V cc < 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

LIMITS 

UNIT 

-7 

D 

MIN 1 

TYP 

MAX 

MIN 1 

MAX 

Pulse Width 

tCKH 

Clock High 

CK+ 

CK- 

5 



7 


ns 

tCKL 

Clock Low 

CK- 

CK+ 

5 



7 


ns 

tCKP 

Period 

CK+ 

CK+ 

10 



14 


ns 

Setup & Hold time 

tis 

Input 

Input or 
feedback 

CK+ 

D 



9 


ns 

t|H 

Input 

CK+ 

Input or 
feedback 

0 



n 


ns 

Propagation delay 

tCKO 

Clock 

CK+ 

Q± 

3 


6.5 

3 

mm 

ns 

tCKF 

Clock 3 

CK± 

Q 



3 


6.5 

ns 

tpD 

Output (20L8, R6, R4) 2 

1, B 

Output 

3 


mm 

3 

10 

ns 

tOEl 

Output enable 4 

OE 

Output enable 

3 


8 

3 

10 

ns 

tOE2 

Output enable 4 5 

1 

Output enable 

3 


10 

3 

10 

ns 

k)D1 

Output disable 4 

OE 

Output disable 

3 


8 

3 

10 

ns 

k)D2 

Output disable 4 ' 5 

1 

Output disable 

3 


10 

3 

10 

ns 

l SKW 

Output 

Q 

Q 



1 


1 

ns 

tpRR 

Power-Up Reset 

Vcc+ 

Q+ 



10 


10 

ns 

Frequency (20R8, R6, R4) 

f MAX 

No feedback 1/ (tc KL + tcxH) 6 


100 


71.4 


MHz 

Internal feedback 1/ (t^ + tcxF) 6 


90 


64.5 


MHz 

External feedback 1/ (tis + tcxo) 6 


74 


60.6 


MHz 


* For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 


1 . CL = OpF while measuring minimum output delays. 

2. tp D test conditions: CL = 50pF (with jig and scope capacitance), V| H = 3V, V| L = OV, V 0 h = Vol = 1 -5V. 

3. tcKF was calculated from measured Internal f^AX- 

4. For 3-State output; output enable times are tested with Cl = 50pF to the 1 ,5V level, and S 1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L . 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (Voh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

5. Same function as toEi and t^oi, with the difference of using product term control. 

6. Not 1 00% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 
frequency. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


PAL devices 

20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


OUTPUT REGISTER PRELOAD 


The output registers can be preloaded to any desired state during device testing. This permits any state to be tested without having to step 
through the entire state-machine sequence. Each register is preloaded individually by following the steps given below. 

Step 1 . With Vcc at 5V and Pin 1 at V| L , raise Pin 1 3 to Vihh- 

Step 2. Apply either Vil or Vih to the output corresponding to the register to be preloaded. 

Step 3. Pulse Pin 1 , clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 13 to V||_. Preload can be verified by observing the voltage level at the output pin. 



NOTE: td- t su = t w . 100ns to 1000ns. 

V| H H “ 10.25V to 10.75V. 

Pin and number reference for DIP package 


TEST LOAD CIRCUIT 
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Product specification 


PAL devices 

20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


OUTPUT REGISTER SKEW 


CLK / 

On N 

(REGISTERED OUTPUT) / 

^I.SV 

— 


* 'SKW 

°n + t \ 

(REGISTERED OUTPUT) J 

/ 3V 

r 1.5V 



CLOCK TO FEEDBACK PATH 


CLK 
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Product specification 


PAL devices 

20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


TIMING DIAGRAMS 1 - 2 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

tCKH 

Width of input clock pulse. 

*CKL 

Interval between clock pulses. 

tcKP 

Clock period. 

tis 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|H 

Required delay between 
positive transition of clock and 
end of valid input data. 

*CKF 

Delay between positive 
transition of clock and when 
internal 0 output of flip-flop 
becomes valid. 

•CKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 

fOEl 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

*OD1 

Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 

k)E2 

Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 

*OD2 

Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 

fppR 

Delay between V cc (after 
power-on) and when flip-flop 
outputs become preset at “1" 
(internal Q outputs at “O"). 

fpD 

Propagation delay between 
combinational inputs and 
outputs. 


FREQUENCY DEFINITIONS 


f MAX 

No feedback: Determined by 
the minimum clock period, 


1/(Ickl + Ickh)- 

Internal feedback: 


Determined by the internal 
delay from flip-flop outputs 
through the internal feedback 
and array to the flip-flop 
inputs, 1/(t,s + tcKF)- 
External feedback: 


Determined by clock-to-output 
delay and input setup time, 

1/(tis + tcKo)- 



NOTES: 

1. Input pulse amplitude is OV to 3V. 

2. Input rise and fall times are 2.5ns. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 



PLUS20R6 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable 
logic device 


PL22V1 0-10 


FEATURES 

• Advanced CMOS EEPROM technology 

• Ultra high performance 

- 10ns, (tpo) commercial version 

- f^AX as f ast as 83.3MHz 

• Available in Dual In-Line, Small Outline 
Large, and Plastic Leaded Chip Carrier 
packages 

• Low power consumption 

- 110mA + 0.5mA/MHz max 

• EE reprogrammability 

- Low-risk reprogrammable inventory 

- Superior programming and functional 
yield 

- 100% testable 

- Erases and programs in seconds 

- 100 guaranteed erase cycles 

• Development and programming support 

- Third-party software and programmers 

- SLICE development software 

• Architectural flexibility 

- 132 product term x 44 input AND array 

- Up to 22 inputs and 10 outputs 

- Variable product term distribution (8 to 
16 per output) for greater logic flexibility 

- Independently programmable 
4-configuration J/O macrocells 

- Synchronous prjeset, asynchronous clear 

- Independently programmable output 
enables 

• Application versatility 

- Pin-for-pin and JEDEC-file compatible 
with the bipolar AmPAL22V10, CMOS 
PALC22V10 and PEEL22CV10A 


DESCRIPTION 

The Philips Semiconductors PL22V10-10 is a 
CMOS programmable electrically erasable 
logic device that provides a 
high-performance, low-power, 
reprogrammable, and architecturally 
enhanced alternative to early generation 
programmable logic devices (PLDs). 

Designed in advanced CMOS EEPROM 
technology, the PL22V10 rivals speed 
parameters of comparable bipolar PLDs while 
providing a dramatic improvement in active 
power consumption. The EE 
reprogrammability of the PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 
100% field programmability and function. The 
PL22V10’s flexible architecture offers 
complete function and JEDEC-file 
compatibility with the bipolar AmPAL22V10 
and the CMOS PALC22V10. Applications for 
the PL22V10 include: replacement of random 
SSI/MSI logic circuitry and user customized 
sequential and combinatorial functions such 
as counters, shift registers, state machines, 
address decoders, multiplexers, etc. 
Development and programming support for 
the PL22V10 is provided by Philips 
Semiconductors and third-party 
manufacturers. 


PIN LABEL DESCRIPTIONS 


11-111 

Dedicated Input 

NC 

Not Connected 

F0-F9 

Macro Cell Input/Output 

CLK/10 

Clock Input/Dedicated Input 

Vcc 

Supply Voltage 

GND 

Ground 


PIN CONFIGURATIONS 



D and N Packages 


i0/CLK (T 


24] Vcc 


n [7 


Ml F9 



12 [3 


Ml F8 



13 (T 


ID F7 



14 [T 


F6 



15 [6 


19] F5 



® (T 


m F4 



17 Q[ 


17] F3 



18 0l 


M] F2 



19 01 


! F1 



no 01 


M] FO 


GND 01 


Ml 111 


N * Plastic Dual In-Line Package (300mil-wide) 

D - Plastic Small Outline Large (300mil-wide) 

Package 



A Package 




CLK/ 

12 11 10 NC Vcc F 9 F8 

ri i 8 ! on on n 1^1 pi 


13 B 

/ 

• 


Ml F7 

14 [? 




24] F6 

15 [7 




23) F5 

NC [B 




H NC 

16 [9 




fT] F4 

17 02 




20] F3 

18 01 




H F2 


)12| [13| |14| [15| (16) [TT] [18| 
19 110 GND NC 111 FO FI 


A - Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin (300mil-wide) Plastic DIP (Dual-In-Line Package) 

PL22V10-10N 

0410D 

28-Pin (300mil-wide) PLCC (Plastic Leaded Chip Carrier Package) 

PL22V10-10A 

040 IF 

24-Pin (300mil-wide) Plastic SOL (Small Outline Large) Package 

PL22V10-10D 

0173D 
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Product specification 


CMOS programmable electrically erasable 
logic device 


PL22V10-10 



FUNCTION DESCRIPTION 

The PL22V10 implements logic functions as 
sum-of-products expressions in a 
programmable-AND/fixed-OR logic array. 
User-defined functions are created by 
programming the connections of input signals 
into the array. User-configurable output 
structures in the form of I/O macrocells 
further increase logic flexibility. 


ARCHITECTURE OVERVIEW 

The PL22V10 architecture is illustrated in the 
Figure 1. Twelve dedicated inputs and 10 
I/Os provide up to 22 inputs and 1 0 outputs 
for creation of logic functions. At the core of 
the device is a programmable 
electrically-erasable AND array which drives 
a fixed OR array. With this structure, the 
PL22V10 can implement up to 10 
sum-of-products logic expressions. 

Associated with each of the 10 OR functions 
is an I/O macro cell which can be 
independently programmed to one of 4 
different configurations. The programmable 
macro cells allow each I/O to create 
sequential or combinatorial logic functions 
with either Active-High or Active-Low polarity. 


AND/OR LOGIC ARRAY 

The programmable AND array of the 
PL22V10 (shown in the Logic Diagram) is 
formed by input lines intersecting product 
terms. The input lines and product terms are 
used as follows: 

44 input lines: 

24 input lines carry the True and 
Complement of the signals applied to the 
12 input pins 

20 additional lines carry the True and 
Complement values of feedback or input 
signals from the 10 I/Os 

132 product terms: 

120 product terms (arranged in 2 groups 
of 8, 10, 12, 14, and 16) used to form 
logical sums 

10 output enable terms (one for each I/O) 
1 global synchronous preset term 
1 global asynchronous clear term 

At each input-line/product-term intersection 
there is an EEPROM memory cell which 
determines whether or not there is a logical 
connection at that intersection. Each product 
term is essentially a 44-input AND gate. A 


product term which is connected to both the 
True and Complement of an input signal will 
always be FALSE, and thus will not effect the 
OR function that it drives. When all the 
connections on a product term are opened, a 
Don’t Care state exists and that term will 
always be TRUE. 

When programming the PL22V10, the device 
programmer first performs a bulk erase to 
instantly remove the previous pattern. The 
erase cycle opens every logical connection in 
the array. The device is then configured to 
perform the user-defined function by 
programming selected connections in the 
AND array. (Note that EEPROM device 
programmers automatically program the 
connections on unused product terms so that 
they will have no effect on the output 
function.) 


VARIABLE PRODUCT TERM 
DISTRIBUTION 

The PL22V10 provides 120 product terms to 
drive the 10 OR functions. These product 
terms are distributed among the outputs in 
groups of 8, 10, 12, 14, and 16 to form logical 
sums (see Logic Diagram). This distribution 
allows optimum use of device resources. 
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. 

D — * cue — > Q 

| 


I 


So OUTPUT CONFIGURATION 


Registered/Active-LOW 


Registered/Active-H IGH 


Combinatorial/Active-LOW 


Combinatorial/Active-HIGH 


0 = Unprogrammed fuse 

1 = Programmed fuse 


Figure 2. Output Macro Cell Logic Diagram 
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PROGRAMMABLE I/O 
MACROCELL 

The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the 
configuration of the PL22V10 to the precise 
requirements of their designs. 


MACROCELL ARCHITECTURE 

Each I/O macrocell, as shown in Figure 2, 
consists of a D-type flip-flop and two 
signal-select multiplexers. The configuration 
of each macrocell of the PL22V10 is 
determined by the two EEPROM bits 
controlling these multiplexers. These bits 
determine output polarity, and output type 
(registered ornon-registered). Equivalent 
circuits for the macrocell configurations are 
illustrated in Figure 3. 


OUTPUT TYPE 

The signal from the OR array can be fed 
directly to the output pin (combinatorial 
function) or latched in the D-type flip-flop 
(registered function). The D-type flip-flop 
latches data on the rising edge of the clock 
and is controlled by the global preset and 
clear terms. When the synchronous preset 
term is satisfied, the Q output of the register 
will be set HIGH at the next rising edge of the 
clock input. Satisfying the asynchronous clear 
term will set Q LOW, regardless of the clock 
state. If both terms are satisfied 
simultaneously, the clear will override the 
preset. 


PROGRAM/ERASE CYCLES 

The PL22V10 is 100% testable, 
erases/programs in seconds, and has 1 00 
guaranteed erase cycles. 


OUTPUT ENABLE 

The output of each I/O macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the I/O pin. Otherwise, the output buffer is 
driven into the high-impedance state. 

Under the control of the output enable term, 
the I/O pin can function as a dedicated input, 
a dedicated output, or a bi-directional I/O. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 
and the I/O will function as a dedicated input. 


REGISTER FEEDBACK SELECT 

When the I/O macrocell is configured to 
implement a registered function (S1=0) 
(Figures 3.a or 3.b), the feedback signal to 
the AND array is taken from the O output. 


BI-DIRECTIONAL I/O SELECT 

When configuring an I/O macrocell to 
implement a combinatorial function (SI =1 ) 
(Figures 3.c or 3.d), the feedback signal is 
taken from the I/O pin. In this case, the pin 
can be used as a dedicated input, a 
dedicated output, or a bi-directional I/O. 


POWER-ON RESET 

To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 
output will be low. The actual output of the 
PL22V10 will depend on the programmed 
output polarity. The Vcc rise must be 
monotonic and the reset delay time is 5ps 
maximum. 


OUTPUT POLARITY 

Each macrocell can be configured to 
implement Active-High or Active-Low logic. 
Programmable polarity eliminates the need 
for external inverters. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 


PL22V10-10 


DESIGN SECURITY 

The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify 
(read) or program the PL22V10 until the 
entire device has first been erased with the 
bulk-erase function. 


PROGRAM AND ERASE 

The PL22V10 can be programmed on 
standard logic programmers. If a device 
needs to be reprogrammed, simply place 
back into the programmer, at which point it 
will be automatically erased, then 
repatterned. 

Approved programmers are listed in the 
Philips Semiconductors Programmer 
Reference Guide. 


SOFTWARE SUPPORT 

The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™, and PALASM® 90 design software 
packages also support the PL22V10 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PL22V10 logic designs can also be 
generated using the program table entry 
format. This program table entry format is 
supported by SNAP only. 
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ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

CONDITIONS 

RATINGS 

UNIT 


MAX 

Vcc 

Supply voltage 

Relative to GND 

-0.5 

+7.0 

V 

V|N. V OUT 

Voltage applied to any pin 3 

Relative to GND 2 

-1 .2 

V cc +0.5 

V DC 

•out 

Output current 

Per pin (l 0L , Ioh) 

±25 

mA 

1"stg 

Storage temperature range 


-65 

+ 125 

°C 

Tit 

Lead temperature 

Soldering 10 seconds 

+300 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Minimum DC input is -0.5V, however inputs may undershoot to -2.0V for periods less than 20ns. 

3. Vin and Vout are not specified for program/verify operation. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

CONDITIONS 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

Commercial 1 

+4.75 

+5.25 

Vcc 

Industrial 

+4.5 

+5.5 

V DC 

;|H 

Ambient temperature 

Commercial 1 

0 

+70 

°c 

Industrial 

-40 

+85 

°C 

Ir 

Clock Rise Time 

See note 2 


250 

ns 

tp 

Clock Fall Time 

See note 2 


250 

ns 

Irvcc 

Vcc Rise Time 

See note 2 


250 

ms 


NOTES: 

1 . Voltage applied to input or output must not exceed Vcc +0.3V. 

2. Test points for Clock and V C c in t R , tp, to., tcH. and t R £SET are referenced at 10% and 90% levels. 
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CMOS programmable electrically erasable 
logic device 


PL22V10-10 


DC ELECTRICAL CHARACTERISTICS 

Commercial = 0°C < Tan* < +75°C, 4.75V <, Vcc £ 5.25V 




— 

UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 4 

MAX 

UNIT 

Input voltage 

Vil 

Low 


-0.3 


0.8 

V 

V|H 

High 


2.0 


V CC + 0.3 

V 

Output voltage 

VOL 

Low - TTL 

Vcc = MIN, Iol = 16mA 



0.5 

V 

VOLC 

Low -CMOS 

Vcc = MIN, I ol = lOpA 



0.1 

V 

V OH 

High -TTL 

Vqc = MIN, Iqh — —4.0mA 

2.4 



mm 

Vqhc 

High - CMOS 

Vcc = MIN, Iqh = — 10pA 

V CC -0.1 



s;l 

Input current 

Ill/IlH 

Input leakage current 

V cc = MAX, GND < V, N <; V cc 


1 

+10 

pA 

Output current 

■oz 

Output leakage 

I/O = Hi-Z, GND < V 0 < V cc 


2 

±10 

pA 

■sc 5 

Short circuit 

V cc = 5V,V OUT = 0.5V 1 

-30 


-130 

mA 

■cc 

V C c active current, CMOS 
(commercial) 

V| N = Vcc or GND 2 ' 3 


80 + 

0.5mA/MHz 

110 + 

0.5mA/MHz 

mA 


V C c active current, CMOS 
(industrial) 

Vin = V cc or GND 2 - 3 


90 + 

0.5mA/MHz 

120 + 

0.5mA/MHz 

mA 


V C c active current, TTL 
(commercial) 

Vin = Vil or V )H 2 ' 3 


90 + 

0.5mA/MHz 

120 + 

0.5m A/MHz 

mA 


Vcc active current, TTL 
(industrial) 

Vin = Vil or Vin 2,3 


100 + 

0.5mA/MHz 

130 + 

0.5mA/MHz 

mA 


NOTES: 

1 . No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

2. I/O pins open (no load). 

3. Ice f °r a typical application: This parameter is tested with the device programmed as a 10-bit Counter. 

4. Typical values are at Vcc = 5V. Typical values are guaranteed by design. 

5. Room temperature only. 
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AC ELECTRICAL CHARACTERISTICS 

Commercial = 0°C < T amb < +75°C, 4.75V <; V cc < 5.25V 1 ' 2 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

PL22V10-10 

UNIT 

khi 

MAX 

IPD 

Input 3 to non-registered output 

50pF 


10 

ns 

[ EA 

Input 3 to Output Enable 4 

50pF 


10 

ns 

*ER 

Input 3 to Output Disable 4 

5pF 


10 

ns 

*00 

Clock to output 

50pF 


8 

ns 

tc02 

Clock to combinatorial output delay via internal registered feed- 
back 

50pF 


14 

ns 

ts 

Input 3 or feedback setup to clock 

50pF 

7 


ns 

*SF 

Internal feedback 6 

50pF 

5 


ns 


Input 3 hold after clock 

50pF 

0 


ns 

*WL. IWH 

Clock width - clock low time, clock high time 5 

50pF 

6 


ns 

k;p 

MIN clock period External (t s + too) 

50pF 

15 


ns 

f MAX1 

MAX operating frequency; / i \ 

Internal feedback 6 [ 1 ] 

\ Isf + tco ) 

50pF 

76.9 

■ 

MHz 

f MAX2 

MAX operating frequency; External (1/tcp) 

50pF 

66.6 


MHz 

*MAX3 

MAX clock frequency; ( 1 ^ 

No feedback 6 ^wi + IwhJ 

50pF 

83.3 


MHz 

tARW 

Asynchronous Reset pulse width 

50pF 

10 


ns 

tAR 

Input 3 to Asynchronous Reset 

50pF 


12 

ns 

Urr 

Asynchronous Reset recovery time 

50pF 

8 


ns 

•SPR 

Synchronous Preset recovery time 

50pF 

10 


ns 

tRESET 

Power-on reset time for registers in clear state 5 

50pF 


5 

ps 

Capacitance 6 

eus 

Input Capacitance 7 

Tamb - 25°C, 

Vcc = 5.0V 

@f = 1MHz 


6 

PF 

Gout 

Output Capacitance 7 


12 

PF 


NOTES: 

1 . Test conditions assume: signal transition times of 2.5ns or less from the 1 0% and 90% points, timing reference levels of 1 ,5V (unless otherwise 
specified). 

2. Device test loads are specified at the end of this section. 

3. “Input" refers to an Input pin signal. 

4. to E is measured from input transition to Vref ±0.1V, too is measured from input transition to V 0 h -0.1 V or V 0 l + 0.1V. 

5. Test points for Clock and V cc in t R , t F , tpL. ten, and t RES ET are referenced at 10% and 90% levels. 

6. Parameters are not 1 00% tested. Specifications are based on initial characterization and are tested after any design or process modification 
which may affect operational frequency. 

7. Capacitances are tested on a sample basis. 
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THEVENIN EQUIVALENT VOLTAGE WAVEFORM 
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SWITCHING WAVEFORMS 



Registered Output 

CLK 



Clock Width Input to Output Disable/Enable 



tARW J 


INPUT ASSERTING V 

ASYNCHRONOUS j 

RESET / 

( ,T ) 

( 


[* *AR — *j 



REGISTERED VVWN 

output AAAAy 

(tl 




[- * 'ARR 

CLOCK 

_a 



Asynchronous Reset Synchronous Preset 

NOTES: 

1. V T = 1.5 V. 

2. Input pulse amplitude 0V to 3.0V. 

3. Input rise and fall times 2.5ns max. 
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“AND” ARRAY -(I, B) 






NOTE: 

1 . This is the initial state. 


POWER-UP RESET 

The power-up reset feature ensures that all 
flip-flops will be reset to LOW after the device 
has been powered up. The output state will 
depend on the programmed pattern. This 
feature is valuable in simplifying state 
machine initialization. A timing diagram and 


parameter table are shown below. Due to the 
synchronous operation of the power-up reset 
and the wide range of ways Vcc 030 rise to 
its steady state, two conditions are required 
to ensure a valid power-up reset. These 
conditions are: 


1 . The Vcc rise must be monotonic. 

2. Following reset, the clock input must not 
be driven from LOW to HIGH until all 
applicable input and feedback setup times 
are met. 




LIMITS 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

tpR 

Power-up Reset Time 


1 

ps 

IS, tsF 

Input or Feedback Setup Time 

See AC Electrical 

tWL 

Clock Width LOW 

Characteristics 



Power-Up Reset Waveform 
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PRELOAD TEST CONDITION 


SYMBOL 

PARAMETER 

CONDITIONS 

LIMITS 

UNIT 

EB 

TYP 

MAX 

tpE 

Valid data out 



100 


ns 

*PZ 

Output 3-State delay time after assertion of Preload 
(Pin 2 = V hh ) 



100 


ns 

tpH 

Hold time of all preload inputs with respect to Clock 
rising edge 



15 


ns 

tpsu 

Setup time of all preload inputs with respect to Clock 
rising edge 



100 


ns 

tpLH 

Hold time for Preconditioning input 



50 


ns 

Vhh 

Preload enable voltage 


14.50 

14.75 

15.0 

V 


PRELOAD WAVEFORM 
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PROGRAM TABLE (Continued) 






anaranrannan 
■MHgaga iag ««ci 
eaiBRaQiiBiEsieaiQimBi 

eiaeaiBiiQiEHammeai 1 

eaearasaraRsisaeaeaia 

aiQnraBIEIBBBBi 
mrasiBiBiniBiissiiBaiBi 
BfBNBilBillBiKSIBiBilBilSa 
BflBUBSIIBiBSmBilBilBlIBi: 
BHBBBD BBSS 
BBflBIglB OBl BBBI 

mmBMasknxBkv ass 
OHBreaeanmraiBmBa 
BQfBIBiBIBniBBlSi 
oioieaoimRHamraga! 
BIBBiBlIBaQtaBIIBiBi I 
sesuameaeafliBiiBSiisa 
QIBIBiBIBIBiniBiBflBl 
BUBneaemeafiiBiiBiBi 

ea»BimBiB>nieaBiea 

sewB&araisMEiGiPsssi 

BiiBiBiaiBiBajniBiiHiisai 

BiraBmiBiBmieamei 

saraasrasnns^i 

BBBBBIBnBlBlB 

meamofisaieanBiBfiB 

BBIBSBiraaDBra 

oraeiBBtBBiiiBB 

raBflBHBraBflanraa 

mBffiamBieaeaKaBis 

aeMasHmoiiaiBei 

miBaiBimBiHKaniQiBa 

BBISaBlBBrailBiBI 

BeraBraBBnaa 

BiisaaiBiiBiiBHBiaiBiiBi 

Bi»BaiQiQieaiEiDeiBi 

anauaeasiianEimsi 

raommiBaiBiBiEieiBi 

QiisnsiiQfisiaQiiQiiiiQi 

BBKBiaeiiBMBiiHinni 

^l»QIQiQl»Q|IQiniQl 


BfBnaiiBiiBaBnaiiQffiiBi 

BieMBaeaeaHBianBil 

miommHWQiraaias^ 

QlIQlBiieiaBBlBlllB 

IQlQaiQlBl»9IQllQin 

BiBJBiisasiBUsaBiiBiES 

sse SsBsiaiBBra 

ISl»QllQilQllQllBIBllBll 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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FEATURES 

• Advanced CMOS EEPROM technology 

• Ultra high performance 

- 12ns, and 15ns (tpo) commercial 
versions 

- 15ns (tp D ) industrial version 

- Imax as fast as 71 ,4MHz 

• Available in Dual In-Line, Small Outline 
Large, and Plastic Leaded Chip Carrier 
packages 

• Low power consumption 

- 90mA + 0.5mA/MHz max 

• EE reprogrammability 

- Low-risk reprogrammable inventory 

- Superior programming and functional 
yield 

- 100% testable 

- Erases and programs in seconds 

- 100 guaranteed erase cycles 

• Development and programming support 

- Third-party software and programmers 

- SLICE development software 

• Architectural flexibility 

- 132 product term x 44 input AND array 

- Up to 22 inputs and 10 outputs 

- Variable product term distribution (8 to 
16 per output) for greater logic flexibility 

- Independently programmable 
4-configuration I/O macrocells 

- Synchronous preset, asynchronous clear 

- Independently programmable output 
enables 

• Application versatility 

- Pin-for-pin and JEDEC-file compatible 
with the bipolar AmPAL22V10, CMOS 
PALC22V10 and PEEL22CV10A 


DESCRIPTION 

The Philips Semiconductors PL22V10-12 and 
PL22V10-15 are CMOS programmable 
electrically erasable logic devices that provide 
a high-performance, low-power, 
reprogrammable, and architecturally 
enhanced alternative to early generation 
programmable logic devices (PLDs). 

Designed in advanced CMOS EEPROM 
technology, the PL22V10 rivals speed 
parameters of comparable bipolar PLDs while 
providing a dramatic improvement in active 
power consumption. The EE 
reprogrammability of the PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 
100% field programmability and function. The 
PL22V10's flexible architecture offers 
complete function and JEDEC-file 
compatibility with the bipolar AmPAL22V10 
and the CMOS PALC22V10. Applications for 
the PL22V10 include: replacement of random 
SSI/MSI logic circuitry and user customized 
sequential and combinatorial functions such 
as counters, shift registers, state machines, 
address decoders, multiplexers, etc. 
Development and programming support for 
the PL22V10 is provided by Philips 
Semiconductors and third-party 
manufacturers. 


PIN LABEL DESCRIPTIONS 


11-111 

Dedicated Input 

NC 

Not Connected 

F0-F9 

Macro Cell Input/Output 

CLK/IO 

Clock Input/Dedicated Input 

V C c 

Supply Voltage 

GND 

Ground 


PIN CONFIGURATIONS 



D and N Packages 


KVCLK (T 


E Vcc 


m 


bE 



No 


E F8 



,3 d 


IE 



m 


a>] F6 



Hs 





16 (T 





Ho 





is d 


16] F2 





iuj 





EE 


GND m 


EE 


N ■ Plastic Dual In-Line Package (300mil-wide) 

D « Plastic Small Outline Large (300mil-wide) 

Package 



A Package 




CLK/ 

12 11 10 NC VCC F9 F ® 

ph r?i m rn eh ^ ^ 


13 (T 

✓ 

• 


HI F7 

14 (J 




24] F6 

15 (7 




23] F5 

NC [8 




Enc 

16 [7 




F 4 

17 [To 




20] F3 

IS [TT 




i|] F2 


M [I3j luj [15) [16) [I7j 

19 110 GND NC 111 F0 FI 


A - Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin (300mil-wide) Plastic DIP (Dual-ln-Line Package) 

PL22V10-12N 

PL22V10-15N 

PL22V10I15N (Industrial) 

041 0D 

28-Pin (300mil-wide) PLCC (Plastic Leaded Chip Carrier Package) 

PL22V10-12A 

PL22V10-15A 

PL22V10I15A (Industrial) 

0401 F 

24-Pin (300mil-wide) Plastic SOL (Small Outline Large) Package 

PL22V10-10D 

PL22V10-12D 

PL22V10-15D 

PL22V10I15D (Industrial) 

0173D 
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FUNCTION DESCRIPTION 

The PL22V10 implements logic functions as 
sum-of-products expressions in a 
programmable-AN D/fixed-OR logic array. 
User-defined functions are created by 
programming the connections of input signals 
into the array. User-configurable output 
structures in the form of I/O macrocells 
further increase logic flexibility. 


ARCHITECTURE OVERVIEW 

The PL22V10 architecture is illustrated in the 
Figure 1 . Twelve dedicated inputs and 10 
I/Os provide up to 22 inputs and 10 outputs 
for creation of logic functions. At the core of 
the device is a programmable 
electrically-erasable AND array which drives 
a fixed OR array. With this structure, the 
PL22V10 can implement up to 10 
sum-of-products logic expressions. 

Associated with each of the 10 OR functions 
is an I/O macro cell which can be 
independently programmed to one of 4 
different configurations. The programmable 
macro cells allow each I/O to create 
sequential or combinatorial logic functions 
with either Active-High or Active-Low polarity. 


AND/OR LOGIC ARRAY 

The programmable AND array of the 
PL22V10 (shown in the Logic Diagram) is 
formed by input lines intersecting product 
terms. The input lines and product terms are 
used as follows: 

44 input lines: 

24 input lines carry the True and 
Complement of the signals applied to the 
12 input pins 

20 additional lines carry the True and 
Complement values of feedback or input 
signals from the 10 I/Os 

1 32 product terms: 

120 product terms (arranged in 2 groups 
of 8, 10, 12, 14, and 16) used to form 
logical sums 

10 output enable terms (one for each I/O) 
1 global synchronous preset term 
1 global asynchronous clear term 

At each input-line/product-term intersection 
there is an EEPROM memory cell which 
determines whether or not there is a logical 
connection at that intersection. Each product 
term is essentially a 44-input AND gate. A 


product term which is connected to both the 
True and Complement of an input signal will 
always be FALSE, and thus will not effect the 
OR function that it drives. When all the 
connections on a product term are opened, a 
Don’t Care state exists and that term will 
always be TRUE. 

When programming the PL22V10, the device 
programmer first performs a bulk erase to 
instantly remove the previous pattern. The 
erase cycle opens every logical connection in 
the array. The device is then configured to 
perform the user-defined function by 
programming selected connections in the 
AND array. (Note that EEPROM device 
programmers automatically program the 
connections on unused product terms so that 
they will have no effect on the output 
function.) 


VARIABLE PRODUCT TERM 
DISTRIBUTION 

The PL22V10 provides 120 product terms to 
drive the 10 OR functions. These product 
terms are distributed among the outputs in 
groups of 8, 10, 12, 14, and 16 to form logical 
sums (see Logic Diagram). This distribution 
allows optimum use of device resources. 


October 22, 1993 


120 








Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable PL22V1 0-1 2/-1 5, 

logic device PL22V1 011 5 



October 22, 1993 


121 











Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable 
logic device 


PROGRAMMABLE I/O 
MACROCELL 

The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the 
configuration of the PL22V10 to the precise 
requirements of their designs. 


MACROCELL ARCHITECTURE 

Each I/O macrocell, as shown in Figure 2, 
consists of a D-type flip-flop and two 
signal-select multiplexers. The configuration 
of each macrocell of the PL22V10 is 
determined by the two EEPROM bits 
controlling these multiplexers. These bits 
determine output polarity, and output type 
(registered or non-registered). Equivalent 
circuits for the macrocell configurations are 
illustrated in Figure 3. 


OUTPUT TYPE 

The signal from the OR array can be fed 
directly to the output pin (combinatorial 
function) or latched in the D-type flip-flop 
(registered function). The D-type flip flop 
latches data on the rising edge of the clock 
and is controlled by the global preset and 
clear terms. When the synchronous preset 
term is satisfied, the Q output of the register 
will be set HIGH at the next rising edge of the 
clock input. Satisfying the asynchronous clear 
term will set Q LOW, regardless of the clock 
state. If both terms are satisfied 
simultaneously, the clear will override the 
preset. 


PROGRAM/ERASE CYCLES 

The PL22V10 is 100% testable, 
erases/programs in seconds, and has 100 
guaranteed erase cycles. 


OUTPUT ENABLE 

The output of each I/O macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the I/O pin. Otherwise, the output buffer is 
driven into the high-impedance state. 

Under the control of the output enable term, 
the I/O pin can function as a dedicated input, 
a dedicated output, or a bi-directional I/O. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 
and the I/O will function as a dedicated input. 


REGISTER FEEDBACK SELECT 

When the I/O macroceli is configured to 
implement a registered function (SI =0) 
(Figures 3. a or 3.b), the feedback signal to 
the AND array is taken from the Q output. 


BI-DIRECTIONAL I/O SELECT 

When configuring an I/O macrocell to 
implement a combinatorial function (SI =1 ) 
(Figures 3.c or 3.d), the feedback signal is 
taken from the I/O pin. In this case, the pin 
can be used as a dedicated input, a 
dedicated output, or a bi-directional I/O. 


POWER-ON RESET 

To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 
output will be low. The actual output of the 
PL22V10 will depend on the programmed 
output polarity. The Vcc rise must be 
monotonic and the reset delay time is 5ps 
maximum. 


OUTPUT POLARITY 

Each macrocell can be configured to 
implement Active-High or Active-Low logic. 
Programmable polarity eliminates the need 
for external inverters. 


ABEL is a trademark of Data I/O Corp. 

CURL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp, 


PL22V10-12/-15, 

PL22V10I15 


DESIGN SECURITY 

The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify 
(read) or program the PL22V10 until the 
entire device has first been erased with the 
bulk-erase function. 


PROGRAM AND ERASE 

The PL22V10 can be programmed on 
standard logic programmers. If a device 
needs to be reprogrammed, simply place 
back into the programmer, at which point it 
will be automatically erased, then 
repatterned. 

Approved programmers are listed in the 
Philips Semiconductors Programmer 
Reference Guide. 


SOFTWARE SUPPORT 

The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™, and PALASM® 90 design software 
packages also support the PL22V10 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PL22V10 logic designs can also be 
generated using the program table entry 
format, This program table entry format is 
supported by SNAP only. 
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ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

CONDITIONS 

RATINGS 

UNIT 

MIN 

MAX 

V CC 

Supply voltage 

Relative to GND 

-0.5 

+7.0 

V 

V IN. VoUT 

Voltage applied to any pin 3 

Relative to GND 2 

-1.2 

V CC + 0.5 

V DC 

•out 

Output current 

Per pin (l 0L , Ioh) 

+25 

mA 

T stg 

Storage temperature range 


-65 

+125 

°C 

Tit 

Lead temperature 

Soldering 10 seconds 

+300 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Minimum DC input is -0.5V, however inputs may undershoot to -2.0V for periods less than 20ns. 

3. Vin and Vqut are not specified for program/verify operation. 

OPERATING RANGES 


SYMBOL 

PARAMETER 

CONDITIONS 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

Commercial 1 

+4.75 

+5.25 

V DC 

Industrial 

+4.5 

+5.5 

V DC 

Tamb 

Ambient temperature 

Commercial 1 

0 

+70 

°C 

Industrial 

-40 

+85 

°C 


Clock Rise Time 

See note 2 


250 

ns 

t F 

Clock Fall Time 

See note 2 


250 

ns 

Irvcc 

V cc Rise Time 

See note 2 


250 

ms 


NOTES: 

1 . Voltage applied to input or output must not exceed V C c +0.3V. 

2. Test points for Clock and V C c in t R , t F , to., ten. and t RESET are referenced at 10% and 90% levels. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable PL22 V 1 0- 1 2/-1 5, 

logic device PL22V 1 0il 5 


DC ELECTRICAL CHARACTERISTICS 

Commercial = 0°C < T amb < +75°C, 4.75V < V cc < 5.25V; 
Industrial = -40°C £ T am b < +85°C, 4.5V < Vcc ^ 5.5V 





LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 4 

MAX 

UNIT 

Input voltage 

V |L 

Low 


-0.3 


0.8 

V, 

V| H 

High 


2.0 


V CC + 0.3 

V 

Output voltage 

V OL 

Low - TTL 

Vcc = MIN, Iol = 16mA 



0.5 

V 

VoLC 

Low - CMOS 

Vcc — MIN, Iql — 10pA 



0.1 

V 

VoH 

High -TTL 

Vcc = MIN, Iqh = —4.0mA 

2.4 



V 

VoHC 

High - CMOS 

Vcc — MIN, Iqh = — 10pA 

o< 

o 

1 

o 



V 

Input current 

Iil/Iih 

Input leakage current 

V cc = MAX, GND < V|n < V cc 


1 

±10 

pA 

Output current 

loz 

Output leakage 

I/O = Hi-Z, GND < V 0 < V CC 


2 

+10 

pA 

Isc 5 

Short circuit 

Vcc = 5V, V 0U T = 0.5V 1 

—30 


-130 

mA 

Icc 

Vcc active current, CMOS 
(commercial) 

V| N = V cc or GND 2 ' 3 


70 + 

0.5mA/MHz 

90 + 

0.5mA/MHz 

mA 


V C c active current, CMOS 
(industrial) 

Vin = V cc or GND 2, 3 


80 + 

0.5mA/MHz 

100 + 

0.5mA/MHz 

mA 


Vcc active current, TTL 
(commercial) 

Vin = V|t or V| H 2, 3 


80 + 

0.5mA/MHz 

100 + 

0.5mA/MHz 

mA 


V C c active current, TTL 
(industrial) 

Vin = V| L or ViH 2, 3 


90 + 

0.5mA/MHz 

110 + 

0.5mA/MHz 

mA 


NOTES: 

1 . No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

2. I/O pins open (no load). 

3. Ice for a typical application: This parameter is tested with the device programmed as a 1 0-bit Counter. 

4. Typical values are at V C c = 5V. Typical values are guaranteed by design. 

5. Room temperature only. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable PL22V1 0-1 2/-1 5, 

logic device PL22V1 011 5 


AC ELECTRICAL CHARACTERISTICS 

Commercial = 0°C < T amb < +75°C, 4.75V < V cc < 5.25V 1 ’ 2 ; 
Industrial = -40°C < T amb < +85°C, 4.5V < Vcc S 5.5V 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

PL22V10-12 

PL22V10-15 

PL22V10I15 

UNIT 

MIN 

MAX 

MIN 

MAX 

tpD 

Input 3 to non-registered output 

50pF 


12 


15 

ns 

1 ea 

Input 3 to Output Enable 4 

50pF 


12 


15 

ns 

tER 

Input 3 to Output Disable 4 

5pF 


12 


15 

ns 

*co 

Clock to output 

50pF 


9 


10 

ns 

*002 

Clock to combinatorial output delay via internal regis- 
tered feedback 

50pF 


16 


19 

ns 

*S 

Input 3 or feedback setup to clock 

50pF 

8 


10 


ns 

tSF 

Internal feedback 6 

50pF 

6 


9 


ns 

t H 

Input 3 hold after clock 

50pF 

0 


0 


ns 

l WL. *WH 

Clock width - clock low time, clock high time 5 

50pF 

7 


8 


ns 

*CP 

MIN clock period External (t s + tco) 

50pF 

17 


20 


ns 

<MAX1 

MAX operating frequency; / \ 

Internal feedback 6 [ ' I 

50pF 

66.7 

■ 

52.6 

■ 

MHz 

^tsp + tco ) 

f MAX2 

MAX operating frequency; External (1/t C p) 

50pF 

58.8 


50.0 


MHz 

{ MAX3 

MAX clock frequency; ( 1 \ 

50pF 

71.4 

■ 

62.5 

■ 

MHz 

No feedback 6 \t WL + t WH j 

tARW 

Asynchronous Reset pulse width 

50pF 

12 


15 


ns 

1 ar 

Input 3 to Asynchronous Reset 

50pF 


15 


18 

ns 

Iarr 

Asynchronous Reset recovery time 

50pF 

10 


10 


ns 

'SPR 

Synchronous Preset recovery time 

50pF 

10 


10 


ns 

l RESET 

Power-on reset time for registers in clear state 5 

50pF 


5 


5 

ps 

Capacitance 6 

C|N 

Input Capacitance 7 

Tamb - 25°C, 

V CC = 5.0V 

@ f = 1MHz 


6 


6 

PF 

Gout 

Output Capacitance 7 


12 


12 

PF 


NOTES: 

1. Test conditions assume: signal transition times of 2.5ns or less from the 10% and 90% points, timing reference levels of 1.5V (unless otherwise 
specified). 

2. Device test loads are specified at the end of this section. 

3. “Input" refers to an Input pin signal. 

4. to E is measured from input transition to V RE f +0.1V, too is measured from input transition to Voh -0.1 V or V 0 |_ + 0.1V. 

5. Test points for Clock and V C c in t R , t F , tp|_> tcH> and Ireset are referenced at 10% and 90% levels. 

6. Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification 
which may affect operational frequency, 

7. Capacitances are tested on a sample basis. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable 
logic device 


TEST LOAD CIRCUIT 



THEVENIN EQUIVALENT VOLTAGE WAVEFORM 




PL22V10-12/-15, 

PL22V10I15 
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Product specification 


CMOS programmable electrically erasable PL22V1 0-1 2/-1 5, 

logic device PL22V1 011 5 


SWITCHING WAVEFORMS 


INPUTOR 

FEEDBACK 


XE 


■ <PD" 


COMBINATORIAL 

OUTPUT 


ME 


Combinatorial Output 



fMAXi ; Internal Feedback 


y tSF + tco ) 



tWH * 



CLOCK y 



1 




'WL *■ 


Clock Width 


INPUTOR 

FEEDBACK 


REGISTERED 

OUTPUT 


o 


/ 


Vt 


■ 'CO- 


ME 


Registered Output 



Clock to Combinatorial Output (tco2) 



kl ) 

cz 

'ER 

H 


H 

tEA 

uL 

r v OH - °-5V 
" VQL + 0.5V 

% 



Input to Output Disable/Enable 



tftRW * 


INPUT ASSERTING \ 

ASYNCHRONOUS j 

RESET / 

(!I ) 

( 


|* *AR *j 



REGISTERED WW\ 

0UTPUT _ KKKrO 

(!l 




— — 

>ARR 

CLOCK J 




Asynchronous Reset Synchronous Preset 

NOTES: 

1. V T = 1.5V. 

2. Input pulse amplitude 0V to 3.0V. 

3. Input rise and fall times 2.5ns max. 
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CMOS programmable electrically erasable 
logic device 


PL22V10-12/-15, 

PL22V10I15 


“AND” ARRAY - (I, B) 



NOTE: 

1. This is the initial state. 


POWER-UP RESET 

The power-up reset feature ensures that all 
flip-flops will be reset to LOW after the device 
has been powered up. The output state will 
depend on the programmed pattern. This 
feature is valuable in simplifying state 
machine initialization. A timing diagram and 


parameter table are shown below. Due to the 
synchronous operation of the power-up reset 
and the wide range of ways Vcc can rise to 
its steady state, two conditions are required 
to ensure a valid power-up reset. These 
conditions are: 


1 . The Vcc rise must be monotonic. 

2. Following reset, the clock input must not 
be driven from LOW to HIGH until all 
applicable input and feedback setup times 
are met. 




LIMITS 


SYMBOL 

PARAMETER 


MAX 

UNIT 

tpR 

Power-up Reset Time 


1 

ps 

ts, tSF 

Input or Feedback Setup Time 

See AC Electrical 

tWL 

Clock Width LOW 

Characteristics 



Power-Up Reset Waveform 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable electrically erasable PL22V1 0-1 2/-1 5, 

logic device PL22V1 011 5 


PRELOAD TEST CONDITION 


SYMBOL 

PARAMETER 

CONDITIONS 

LIMITS 

UNIT 


TYP 

MAX 

tpE 

Valid data out 



100 


ns 

tpz 

Output 3-State delay time after assertion of Preload 
(Pin 2 = V HH ) 



100 


ns 

l PH 

Hold time of all preload inputs with respect to Clock 
rising edge 



15 


ns 

tpsu 

Setup time of all preload inputs with respect to Clock 
rising edge 


■ 

100 

■ 

ns 

tpLH 

Hold time for Preconditioning input 



50 


ns 

Vhh 

Preload enable voltage 


14.50 

14.75 

15.0 

V 

PRELOAD WAVEFORM 



October 22, 1993 


129 










































Philips Semiconductors Programmable Logic Devices 

Product specification 
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logic device 

PL22V10-12/-15, 

PL22V10I15 


PROGRAM TABLE 
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CMOS programmable electrically erasable 
logic device 

PL22V10-12/-1 5, 
PL22V10I15 


PROGRAM TABLE (Continued) 



□DEaDDnaBiiig 

raBBBfBUQIIfillQilQi 

Bi^aiBieaiMaasmi 

eaBwaieaiBiOBemea 

anBUomniissafia 

iBemnBiRiBiBieiiBi 

^assaisssss 

BHBHH HB HHB 

BiBManeaoBBiBiiBii 

oieaaea&insBisiea 

QlIQl^lQlIQl^iniQlIQll^ 

aBHBanaaaa 

QlQ«Q|IQieW3^Q|IQl 

QIIQaiQllClUlISlIQlBa 


Q|IQ«ISIQI»1ISllQllQl 

BismeatQiiQnmmBi 

BBaaaaaEiBB 

BBaBBoaBaa 

^eaidiSi^iiQusaoiQiea 

gggi BiBiiBiBiiaa 

Hggggggg 

BIIBIIQlSilSaBUBIRam^ 

r*VMr*?^WMk¥\w*vz 

rmw^mmmwwm 

BBmiBiBaBanBinesiBi 

miBmoigaBamniQiiB 

saBaaraBnaBii 

rzrxrdrmrwivdwiKd 

^noniaiQiQaania 

QHQDQiiQiaraaiBn^ 

^BaisasiBiBiBaBiEiBa 

msaRBgasi«Ei»vaBi 

BarasiBaBi»BasRBi 

smeaEiBiBMSiiHiragai 

BlQDQlEillQiraQBn^ 

QiisniQiiQiiQflBiraQin 

Gi»saiQiiQie»iQiQin 

Bi»SilQllQ[nQi^lQin 

miBaO^miBUBBHOflQlESi 

BusmeimHiearaBCi 

ga aBBBBBBH 
HBIBBBBIBIBin 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Preliminary specification 


BiCMOS versatile PAL device 


ABT22V10-7 


DESCRIPTION 

The ABT22V10 is a versatile PAL 1 device 
fabricated with the Philips BiCMOS process 
known as QUBiC. The QUBiC process 
produces a very high speed device (7.5ns 
worst case) which has excellent noise 
immunity. The ground bounce, with 9 outputs 
switching and the 10th held low is, typically, 
less than 0.8V. 

The ABT22V10 uses the familiar AND/OR 
logic array structure, which allows direct 
implementation of sum-of-product equations. 
This device has a programmable AND array 
which drives a fixed OR array. The AND array 
is programmed to create custom product 
terms while the fixed OR array sums selected 
terms at the output. 

The OR sum of the products feeds the 
“Output Macro Cell” (OMC) which can be 
individually configured as a dedicated input, a 
combinatorial output, or a registered output 
with internal feedback. In other words, the 
architecture provides maximum design 
flexibility by allowing the Output Macro Cell to 
be configured by the user. 

The ABT22V10 is designed so the outputs 
can never display a metastable state due to 
set up and hold time violations. If set up and 
hold times are violated, the outputs will not 
glitch or display a metastable state (the 
propagation delays may, however, be 
extended). 

This device is pin and JEDEC file compatible 
with industry standard 22V 10 and can be 
used in all standard applications where speed 
is to be maximized. 

Order codes can be found in the Ordering 
Information table. 


FEATURES 

• Ultra fast 7.5ns t PD and 6ns tco 

• Pin and JEDEC file compatible to industry 
standard 22V 10 


• 10 input/output macro cells for architectural 
flexibility 

• Metastable immune flip-flops 

• Low ground bounce (<0.8V typical) 

• Varied product term distribution with up to 
16 product terms per output for complex 
functions 

• Programmable output polarity 

• Power-up reset on all registers 

• Synchronous Preset/Asynchronous Reset 

• Programmable on standard PAL-type 
device programmers 

• Design support provided using SNAP 
software development package and other 
CAD tools for PLDs 

• Available in 300mil-wide 24-Pin Plastic 
Dual In-Line Package and 28-Pin Plastic 
Leaded Chip Carrier 


APPLICATIONS 

• DMA control 

• State machine implementation 

• High speed graphics processing 

• Counters/shift registers 

• SSI/MSI random logic replacement 

• High speed memory decoder 

PIN LABEL DESCRIPTIONS 


11-111 

Dedicated Input 

NC 

Not Connected 

F0-F9 

Macro Cell Input/Output 

CLK/10 

Clock Input/Dedicated Input 

Vcc 

Supply Voltage 

GND 

Ground 


PIN CONFIGURATIONS 




N Package 



CLK/10 (T 


D v cc 


11 [f 


ID F9 



12 Qf 


||] F8 



« H 


2T) F7 



14 [5 


ID F6 



15 |jE 


i|] F5 



16 [7 


T§] F4 



17 [£ 


V7] F3 



18 Q[ 


ID F2 



19 [To 


15) FI 



no [TT 


U] F0 


GND m 


13) HI 


N » Plastic DIP (300mil-wide) 





A Package 




CLK/ 

12 11 10 NC V CC F9 F8 

rd fi fi rn pi fi p 


,3(5 

/ 

• 


11 F7 

14 II 




ED F6 

15 II 




23) F5 

NC [8 




ID NC 

16 [9 




13 F4 

17 d 




ED F3 

18 El 




1 F2 


113 IL3 M 123 123 113 dl 

19 110 GND NC 111 F0 FI 


A » Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual-In-Line Package 300mil-wide 

ABT22V10-7N 

0410D 

28-Pin Plastic Leaded Chip Carrier 

ABT22V10-7A 

0401 F 


1. ®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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BiCMOS versatile PAL device 


ABT22V10-7 



FUNCTIONAL DESCRIPTION 

The ABT22V10 allows the systems engineer 
to implement the design on-chip, by opening 
fuse links to configure AND and OR gates 
within the device, according to the desired 
logic function. 

Product terms with all fuses opened assume 
the logical HIGH state; product terms 
connected to both True and Complement of 
any single input assume the logical LOW 
state. 

The ABT22V10 has 12 inputs and 10 I/O 
Macro Cells (Figure 1). The Macro Cell 
allows one of four potential output 
configurations, registered output or 
combinatorial I/O, Active-HIGH or 
Active-LOW (see Figure 7). The configuration 
choice is made according to the user's design 
specification and corresponding programming 
of the configuration bits S 0 - Si. Multiplexer 
controls are connected to ground (0) through 
a programmable fuse link, selecting the “0” 
path through the multiplexer. Programming 
the fuse disconnects the control line from 
GND and it floats to Vcc (1), selecting the “1" 
path. 

The device is produced with a fuse link at 
each input to the AND gate array, and 
connections may be selectively removed by 
applying appropriate voltages to the circuit. 
Utilizing an easily-implemented programming 
algorithm, these products can be rapidly 


programmed to any customized pattern. 
Information on approved programmers can 
be found in the Programmer Reference 
Guide. Extra test fuses are pre-programmed 
during manufacturing to ensure extremely 
high field programming yields, and provide 
extra test paths to achieve excellent 
parametric correlation. 

Metastable Immune 
Characteristics 

Philips Semiconductors uses the term 
'metstable immune' to describe the output 
characteristics of registered logic devices. 
This term means that the outputs will not 
gitch or display an output anomaly under any 
circumstances, including set up and hold time 
violations. This claim is easily verified by 
following 74F5074 Synchronizing Dual 
flip-flop example. The ABT22V10 device has 
been designed using the same metastable 
immune flip-flop. 



By running two independent signal 
generators (see Figure 2) at nearly the same 


frequency (in this case 1 0MHz clock and 
10.02MHz data) the device-under-test can be 
often be driven into a metastable state. If the 
Q output is then used to trigger a digital 
scope set to infinite persistence, the Q output 
will build a waveform. An experiment was run 
by continuously operating the devices in the 
region where metastability will occur. 

When the device-under-test is an 74F74 
(which was not designed with metastable 
immune characteristics) the waveform will 
appear as in Figure [3]. 

Figure 3 shows clearly that the U output can 
vary in time with respect to the Q trigger 
point. This also implies that the Q or Q output 
waveshapes may be distorted. This can be 
verified on an analog scope with a charge 
plate CRT. Perhaps of even greater interest 
are the dots running along the 3.5V volt line 
in the upper right hand quadrant. These show 
that the Q output did not change state even 
though the Q output glitched to at least 1 .5 
volts, the trigger point of the scope. 

When the device-under-test is a metastable 
immune part, such as the 74F5074, the 
waveform will appear as in Figure 4. The 
74F5074 output will not vary with respect to 
the Q trigger point even when the a part is 
driven into a metastable state. Any tendency 
towards internal metastability is resolved by 
Philips Semiconductors patented circuitry. If a 
metastable event occurs within the flop the 
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ABT22V1 0-7 


COMPARISON OF METASTABLE IMMUNE AND NON-IMMUNE CHARACTERISTICS 



only outward manifestation of the event will 
be an increased clock-to-Q/O propagation 
delay. This propagation delay is, of course, a 
function of the metastability characteristics of 
the part defined by t and T 0 . 

The metastability characteristics of the 
ABT22V10-7 and related part types represent 
state-of-the-art BiCMOS technology. 

After determining the T 0 and t of the flop, 
calculating the mean time between failures 
(MTBF) is simple. Suppose a designer wants 
to use the 74F5074 for synchronizing 


asynchronous data that is arriving at 10MHz 
(as measured by a frequency counter), has a 
clock frequency of 50MHz, and has decided 
that he would like to sample the output of the 
74F5074 10ns after the clock edge. He 
simply plugs his number into the equation 
below: 

MTBF = e< r/! V T 0 f c f| 

In this formula, fc is the frequency of the 
clock, f| is the average input event frequency, 
and t' is the time after the clock pulse that the 


output is sampled (f < h , h being the normal 
propagation delay). In this situation the f| will 
be twice the data frequency of (20 MHz) 
because input events consist of both of low 
and high transitions. Multiplying f| by fc gives 
an answer of 10 15 Hz 2 . From Figure 5 it is 
clear that the MTBF for the 74F5074 device 
is greater than 10 10 seconds. Using the 
above formula the actual MTBF is 1.51 X 
10 10 seconds or about 480 years. The MTBF 
for the ABT22V10-7, under the same 
condition is 5.6 trillion years. 
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TYPICAL VALUES FOR x AND T 0 AT VARIOUS V CC S AND TEMPERATURES 

T arn b = 0°C 1 T am b - 2S°C T amb = 70°C 

v cc ^ I To x | To x 1 To" 


5.5V 

83ps 

8.1 X10 18 sec 

82ps 

7.5 X 10 18 sec 

lOlps 

3.0 X 10 12 sec 

5.0 V 

80ps 

4.0 X 10 18 sec 

83 ps 

2.2 X 10 17 sec 

98ps 

4.4 X 10 11 sec 

4.5V 

85ps 

3.4 X 10 14 sec 

91 ps 

2.5 X 10 12 sec 

106ps 

1.1 X 10 8 sec 


OUTPUT MACRO CELL 
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b. Registered/Active-HIGH d. Combinatorial/Active-HIGH 

Figure 7. Output Macro Cell Configurations 

Registered Output Configuration Combinatorial I/O Configuration Variable Input/Output Pin Ratio 

Each Macro Cell of the ABT22V10 includes a Any Macro Cell can be configured as The ABT22V10 has twelve dedicated input 

D-type flip-flop for data storage and combinatorial by selecting the multiplexer lines, and each Macro Cell output can be an 

synchronization. The flip-flop is loaded on the path that bypasses the flip-flop (S, = 1 ). In I/O pin. Buffers for device inputs have 

LOW-to-HIGH transition of the clock input. In the combinatorial configuration, the feedback complementary outputs to provide 

the registered configuration (St = 0), the is from the pin. user-programmable input signal polarity, 

array feedback is from Q of the flip-flop. Unused input pins should be tied to V C c or 

GND. 
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ABSOLUTE MAXIMUM RATINGS 1 


THERMAL RATINGS 



SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

-0.5 

+7.0 

v dc 

V|N 

Input voltage 

-1.2 

Vcc + 0.5 

Vdc 

VoUT 

Output voltage 

-0.5 

Vcc + 0.5 

Vdc 

1 IN 

Input currents 

-30 

+30 

mA 

l0UT 

Output currents 


+100 

mA 

Tstg 

Storage temperature range 

-65 

+150 

°C 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 

+4.75 

+5.25 

Vdc 

T"amb 

Operating free-air temperature 

0 

+75 

°C 


DC ELECTRICAL CHARACTERISTICS 





LIMITS 


SYMBOL 

PARAMETER 

TEST CONDITIONS 1 

MIN 

MAX 

UNIT 

| Input voltage 

V|L 

Low 

Vcc = MIN 


0.8 

V 

V|H 

High 

V cc = MAX 

2.0 


V 

V, 

Clamp 

V cc = MIN, l| N = -18mA 


-1.2 

V 

Output voltage 



Vcc = MIN, V|n = V|h or V tL 




Voi 

Low 

Iql = 16mA 


0.5 

V 

VOH 

High 

Iqh = —3.2 mA 



V 

| Input current j 



V cc = MAX 




IlL 

(except Pin 1 ) 

Low 

Vin = 0.40V 


-100 

pA 

I|L (Pin 1) 

Low 

V| N = 0.40V 


-150 

pA 

IlH 

High 

V| N = 2.7 V 


25 

pA 

l| 

Maximum input current 

V| N = 5.5V 


1.0 

mA 

Output current ] 



V cc = MAX 




l0ZH 

Output leakage 3 

Vin = V||_ or V|h, Vout = 2.7V 


100 

pA 

loZL 

Output leakage 3 

Vin = Vil or Vin, Vout = 0.4V 



pA 

Isc 

Short circuit 2 

Vout = 0.5V 

-30 


mA 

Icc 

Vcc supply current 

V cc = MAX 


210 

mA 


NOTES: 


1 . These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. V 0 ut = 0.5V has been 
chosen to avoid test problems caused by tester ground degradation. 

3. I/O pin leakage is the worst case of Iqzx or hx (where X = H or L). 
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AC ELECTRICAL CHARACTERISTICS 

Over commercial operating range unless otherwise specified. 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

LIMITS 1 

UNIT 


TYP 

MAX 

tpD 

Input or feedback to non-registered output 2 

Active-LOW 



7.5 


Active-HIGH 



mm 

ns 

is 

Setup time from input, feedback or SP to Clock 



5.5 



ns 

tH 

Hold time 



0 



ns 

tco 

Clock to output 





6.0 

ns 

tCF 

Clock to feedback 3 





2.5 

ns 

Iar 

Asynchronous Reset to registered output 





10.0 

ns 

Iarw 

Asynchronous Reset width 



mm 



ns 

Iarr 

Asynchronous Reset recovery time 



5.5 



ns 

fSPR 

Synchronous Preset recovery time 



5.5 



ns 

tWL 

Width of Clock LOW 



4.0 



ns 

tWH 

Width of Clock HIGH 



4.0 



ns 

fMAX 

Maximum frequency; 

External feedback 1/(t s + tco) 4 



87 



MHz 

Maximum frequency; 

Internal feedback 1/(ts + tcF) 4 



125 



MHz 

feA 

Input to Output Enable 5 





9.0 

ns 

Ier 

Input to Output Disable 5 





9.0 

ns 

Capacitance 6 

C|N 

Input Capacitance (Pin 1) 

V| N = 2.0V 

Vcc = 5.0V 

Tamb = 25°C 

f= 1MHz 


6 


PF 

Input Capacitance (Others) 



6 


pF 

Gout 

Output Capacitance 

Vqut = 2.0V 


8 


PF 


NOTES: 

1 . Commercial Test Conditions: Ri = 3000, R 2 = 3900 (see Test Load Circuit). 

2. tp D is tested with switch S, closed and Cl = 50pF (including jig capacitance). Vih = 3V, V| L = OV, Vj = 1.5V. 

3. Calculated from measured f MAX internal. 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where frequency 
may be affected. 

5. For 3-State output; output enable times are tested with Cl = 50pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl . 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (V 0 h -0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 
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INPUT OR 
FEEDBACK 


COMBINATORIAL 

OUTPUT 



Combinatorial Output 


INPUT OR 
FEEDBACK 



REGISTERED 

OUTPUT 


t s 



Registered Output 



Clock to Feedback (f MAX Internal) 
(See Path at Right) 


LOGIC *S r REGISTER 

!cf 


CLOCK -jh Vj 



Clock Width 


Input to Output Disable/Enable 


INPUT ASSERTING 
ASYNCHRONOUS 
RESET 


REGISTERED 

OUTPUT 






£7 




tARR 


INPUT ASSERTING 

SYNCHRONOUS 

PRESET 


REGISTERED 

OUTPUT 


' >S — - — tH-T >SPR - 

■— t C oH 


Asynchronous Reset 


NOTES: 

1. V T = 1.5V. 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and fall times 2.5ns max. 


Synchronous Preset 
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Programmable 3-State Outputs 

Each output has a 3-State output buffer with 
3-State control. A product term controls the 
buffer, allowing enable and disable to be a 
function of any product of device inputs or 
output feedback. The combinatorial output 
provides a bidirectional I/O pin, and may be 
configured as a dedicated input if the buffer is 
always disabled. 

Programmable Output Polarity 

The polarity of each macro cell output can be 
Active-HIGH or Active-LOW, either to match 
output signal needs or to reduce product 
terms. Programmable polarity allows Boolean 
expressions to be written in their most 
compact form (true or inverted), and the 
output can still be of the desired polarity. It 
can also save “DeMorganizing" efforts. 

Selection is controlled by programmable bit 
So in the Output Macro Cell, and affects both 
registered and combinatorial outputs. 
Selection is automatic, based on the design 
specification and pin definitions. If the pin 
definition and output equation have the same 
polarity, the output is programmed to be 
Active-HIGH (S 0 = 1). 

Preset/Reset 

For initialization, the ABT22V10 has 
additional Preset and Reset product terms. 
These terms are connected to all registered 
outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output 
registers will be loaded with a HIGH on the 
next LOW-to-HIGH clock transition. When the 
Asynchronous Reset (AR) product term is 
asserted high, the output registers will be 
immediately loaded with a LOW, independent 
of the clock. 

Note that Preset and Reset control the 
flip-flop, not the output pin. The output level is 
determined by the output polarity selected. 

Metastable Immune Flip-Flops 

The D-type flip-flops have been designed 
such that the outputs will not glitch or display 
an output anomaly if the input set up or hold 
times are violated. Based on a z of < 90 ps, 
and sampling the output 8ns after the clock 


edge, the typical MTBF is 170.3 years. If the 
sample is taken 10ns after the clock the 
MTBF is 5.6 trilion years. 

Power-Up Reset 

All flip-flops power-up to a logic LOW for 
predictable system initialization. Outputs of 
the ABT22V10 will depend on the 
programmed output polarity. The Vcc rise 
must be monotonic and the reset delay time 
is 1-10ps maximum. 

Security Fuse 

After programming and verification, a 
ABT22V10 design can be secured by 
programming the security fuse link. Once 
programmed, this fuse defeats readback of 
the internal programmed pattern by a device 
programmer, securing proprietary designs 
from competitors. When the security fuse is 
programmed, the array will read as if every 
fuse is programmed. 

Quality and Testability 

The ABT22V10 offers a very high level of 
built-in quality. Extra programmable fuses 
provide a means of verifying performance of 
all AC and DC parameters. In addition, this 
verifies programmability and functionality of 
the device to provide the highest 
programming and post-programming 
functional yields. 

Low Ground Bounce 

The Philips Semiconductors BiCMOS QUBiC 
process produces exceptional noise 
immunity. The typical ground bounce, with 9 
outputs simultaneously switching and the 
10th output held low, is less than 0.8V. 

Technology 

The BiCMOS ABT22V10 is fabricated with 
the Philips Semiconductors process known 
as QUBiC. QUBiC combines an advanced, 
state-of-the-art 1.0pm (drawn feature size) 
CMOS process with an ultra fast bipolar 
process to achieve superior speed and drive 
capabilities. QUBiC incorporates three layers 
of Al/Cu interconnects for reduced chip size, 
and our proven Ti-W fuse technology ensures 
highest programming yields. 


Programming 

The ABT22V10-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the ABT22V10-7 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Support Material) of this data 
handbook for additional information. 


OUTPUT REGISTER PRELOAD 

The register on the ABT22V10 can be 
preloaded from the output pins to facilitate 
functional testing of complex state machine 
designs. This feature allows direct loading of 
arbitrary states, making it unnecessary to 
cycle through long test vector sequences to 
reach a desired state. In addition, transitions 
from illegal states can be verified by loading 
illegal states and observing proper recovery. 
The procedure for preloading follows: 

1. Raise V cc to 5.0V ± 0.25V. 

2. Set Pin 2 or 3 to V H h to disable outputs 
and enable preload. 

3. Apply the desired value (V| LP /V|hp) to all 
registered output pins. Leave 
combinatorial output pins floating. 

4. Clock Pin 1 from Vu_ P to V| HP . 

5. Remove V| LP /V| HP from all registered 
output pins. 

6. Lower Pin 2 or 3 to V| LP . 

7. Enable the output registers according to 
the programmed pattern. 

8. Verify V 0 l/Voh at all registered output 
pins. Note that the output pin signal will 
depend on the output polarity. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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“AND” ARRAY -(I, B) 



SYMBOL 

PARAMETER 

LIMITS 

UNIT 

MIN 

REC 

MAX 

Vhh 

Super-level input voltage 

9.5 

9.5 

10 

V 

V|LP 

Low-level input voltage 

0 

0 

0.8 

V 

V|HP 

High-level input voltage 

2.4 

5.0 

5.5 

V 


Delay time 

100 

200 

1000 

ns 

t|/0 

I/O valid after Pin 2 or 3 drops from Vhh to Vilp 

100 



ns 



Vhh 


V ILP 


VlHP 

v OH 

VOL 

V ILP 


VlHP 


V ILP 


NOTE: 


1 . This is the initial state. 
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POWER 4V^ 

( 


( 



REGISTERED / / 

ACTIVE-LOW / f-i 

OUTPUT / / / 

i 

-•sH 



CLOCK 


. ^ 


( 


* *WL — * 



Power-Up Reset Waveform 


SYMBOL 

PARAMETER 

| UMITS | 

UNIT 

MIN 

MAX 

fpR 

Power-up Reset Time 


1 

ps 

l S 

Input or Feedback Setup Time 

See AC Electrical 

Characteristics 

l WL 

Clock Width LOW 


POWER-UP RESET 

The power-up reset feature ensures that all 
flip-flops will be reset to LOW after the device 
has been powered up. The output state will 
depend on the programmed pattern. This 
feature is valuable in simplifying state 
machine initialization. A timing diagram and 


parameter table are shown below. Due to the 
synchronous operation of the power-up reset 
and the wide range of ways Vcc can rise to 
its steady state, two conditions are required 
to ensure a valid power-up reset. These 
conditions are: 


1 . The Vcc rise must be monotonic. 

2. Following reset, the clock input must not 
be driven from LOW to HIGH until all 
applicable input and feedback setup times 
are met. 
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PROGRAM TABLE (Continued) 



!■■■! 


rVMMMI 


BBS 


OOElOQQOOnO I 

BmnBaraaana 

eiEKaaeanBieiBiBi 

BamsiBiBfEieiBiBm 

BiBwasaeiEMaraQ^ 

easusBteaKMamaea 

emaeiainiBimiBiiBal 

BsimBimBiEiBiBimesil 

BaewoiiBiBaBmBiBiB! 

Baeaeaioi^iaeaeieiBi 

BaraoieaBMSSBsniBa 

QBBBBIlllBlBraiB 

eaBraaBnaraBS 

HaHBB HH BBB 

BBaBIBKlIQIBBlIQ I 

BBlBBQIIlSaBIIBS 


aoraioiBiBniBQiB 
BraeaBiBimBiaS 
araeraBiBDBiBB I 

araaaBiBinaraQi 

BIBUBiBiBBBUnBiHiai| 

BaaBBanang 

mwm&mmmMMmmml 

BBaBaBBUBB 

BlBIBBBiraBEIBiB 

BUBnaiBiraBEIBlBI 

seaeaBBEiiBeaBma] 

iQimissiQiBiiHussmmBil 

BioraoiBiQraEieia 

enrasusaaraoiEiBQi 

IBilBmBiBfIBffiaDIQfIBl 

B»siiBiQB»BiDisiea 

BBBlieailBilSBBUBElQlBi 

mneaisaiaiQnEiraal 

BraaraaonaaEKB 

ea»BiiEieaBaeBi»nBi 

BanuasiomuBiBBEieil 

BBBUHiBiBiraeanRiBil 

BBBIBBBlBlBnBi 

BBBBBBBiBCIB 

aaaeiBBBiBiKiea 

aBUBiaimoeiaBiBi 

araBBemnnnBi 

BBBBBBBBISB 

BieanBBiBiiBneaiBisia 

sasHBiBiBiiBHBiBaeaKi 

B3 

BmeaeaBiBsnsi»Bii9 

BiBflBIIBiiBiBMSilSaaiBal 

BiBHBiBimiQNQlBlBara 

smsamomeami^Kil 


igiMMinimiiiMMiMii'jjiKiijiEiEiigignataEil 
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DESCRIPTION 

The 10H20EV8/10020EV8 is an ultra 
high-speed universal ECL PAL® device. 
Combining versatile output macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user's custom logic. The use of Philips 
Semiconductors state-of-the-art bipolar oxide 
isolation process enables the 
10H20EV8/10020EV8 to achieve optimum 
speed in any design. The SNAP design 
software package from Philips 
Semiconductors simplifies design entry 
based upon Boolean or state equations. 

The 10H20EV8/10020EV8 is a two-level logic 
element comprised of 1 1 fixed inputs, an 
input pin that can either be used as a clock or 
12th input, 90 AND gates, and 8 Output Logic 
Macrocells. Each Output Macrocell can be 
individually configured as a dedicated input, 
dedicated output with polarity control, a 
bidirectional I/O, or as a registered output 
that has both output polarity control and 
feedback to the AND array. This gives the 
part the capability of having up to 20 inputs 
and eight outputs. 

The 10H20EV8/10020EV8 has a variable 
number of product terms that can be OR’d 
per output. Four of the outputs have 12 AND 
terms available and the other four have 8 
terms per output. This allows the designer the 
extra flexibility to implement those functions 
that he couldn't in a standard PAL device. 
Asynchronous Preset and Reset product 
terms are also included for system design 
ease. Each output has a separate output 
enable product term. Another feature added 
for the system designer is a power-up Reset 
on all registered outputs. 


The 10H20EV8/10020EV8 also features the 
ability to Preload the registers to any desired 
state during testing. The Preload is not 
affected by the pattern within the device, so 
can be performed at any step in the testing 
sequence. This permits full logical verification 
even after the device has been patterned. 


FEATURES 

• Ultra high speed ECL device 

- t PD = 4.5ns (max) 

- tis = 2.6ns (max) 

- toco = 2.3ns (max) 

- fMAX = 208MHz 

• Universal ECL Programmable Array Logic 

- 8 user programmable output macrocells 

- Up to 20 inputs and 8 outputs 

- Individual user programmable output 
polarity 

• Variable product term distribution allows 
increased design capability 

• Asynchronous Preset and Reset capability 

• 1 0KH and 1 00K options 

• Power-up Reset and Preload function to 
enhance state machine design and testing 

• Design support provided via SNAP and 
other CAD tools 

• Security fuse for preventing design 
duplication 

• Available in 24-Pin 300mil-wide DIP and 
28-Pin PLCC. 


PIN CONFIGURATIONS 



F Package 


hH 


M]V CC 

I2U 


Hhi 

CLK/1,2 G[ 


HI ho 

FiE 


H]F8 

FzGE 


H)f 7 

v coi OE 


HJv C 02 

f 3 U 


H)f 6 

F 4 [8 


i 3 f 5 

■sGE 


HI '9 

u [10 


Hi's 

's in 


Eh 

VeeQI 


HI '6 


F = Ceramic DIP (300mil-wide) 

A Package 


CLK/I12 12 li NC Vcc hi ho 



A « Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Ceramic Dual In-Line (300mil-wide) 

10H20EV8-4F 

10020EV8— 4F 

0586 B 

28-Pin Plastic Leaded Chip Carrier 

10H20EV8-4A 

10020EV8— 4A 

0401 F 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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FUNCTIONAL DIAGRAM 



FUNCTIONAL DESCRIPTION 

The 1 0H20EV8/1 0020EV8 is an ultra 
high-speed universal ECL PAL-type device. 
Combining versatile Output Macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user's custom logic. 


As can be seen in the Logic Diagram, the 
device is a two-level logic element with a 
programmable AND array. The 20EV8 can 
have up to 20 inputs and 8 outputs. Each 
output has a versatile Macrocell whereby the 
output can either be configured as a 
dedicated input, a dedicated combinatorial 
output with polarity control, a bidirectional I/O, 
or as a registered output that has both output 
polarity control and feedback into the AND 
array. 



The device also features 90 product terms. 
Two of the product terms can be used for a 
global asynchronous preset and/or reset. 
Eight of the product terms can be used for 
individual output enable control of each 
Macrocell. The other 80 product terms are 
distributed among the outputs. Four of the 
outputs have eight product terms, while the 
other four have 12. This arrangement allows 
the utmost in flexibility when implementing 
user patterns. 

Output Logic Macrocell 

The 10H20EV8/10020EV8 incorporates an 
extremely versatile Output Logic Macrocell 
that allows the user complete flexibility when 
configuring outputs. 

As seen in Figure 1, the 10H20EV8/ 
10020EV8 Output Logic Macrocell consists of 
an edge-triggered D-type flip-flop, an output 
select MUX, and a feedback select MUX. 
Fuses S 0 and St allow the user to select 
between the various cells. St controls 
whether the output will be either registered 
with internal feedback or combinatorial I/O. 

S 0 controls the polarity of the output (Active- 
HIGH or Active-LOW). This allows the user to 
achieve the following configurations: 
Registered Active-HIGH output, Registered 
Active-LOW output, Combinatorial Active- 
HIGH output, and Combinatorial Active-LOW 
output. With the output enable product term, 
this list can be extended by adding the 
configurations of a Combinatorial I/O with 
Polarity or another input. 
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ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATING 

UNIT 

Vee 

Supply voltage 

-8.0 

V 

Vin 

Input voltage (Vin should never be more negative than V EE ) 

0 to V EE 

V 

Iq 

Output source current 

-50 

mA 

Ts 

Operating Temperature range 

-55 to +150 

°C 

Tj 

Storage Temperature range 

Ceramic Package 

+165 

°C 

Plastic Package 

+150 

°C 


NOTE: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

DC OPERATING CONDITIONS 10H20EV8 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOM 

MAX 

UNIT 

Vcc, Vcoi, Vc 02 

Circuit ground 


0 

0 

0 

V 

Vee 

Supply voltage (negative) 



-5.2 


V 



Tamb = 

-1170 


-840 

mV 

V| H 

High level input voltage 

Tamb — +25°C 

-1130 


-810 

mV 



Tamb - +75°C 

-1070 


-735 

mV 



Tamb = 0"C 

-1950 


-1480 

mV 

V|L 

Low level input voltage 

Tamb - +25°C 

-1950 


-1480 

mV 



Tamb = +75°C 

-1980 


-1450 

mV 

Tamb 

Operating ambient temperature range 

0 

+25 

+75 

°C 


NOTE: 

When operating at other than the specified V EE voltage (-5. 2V), the DC and AC Electrical Characteristics will vary slightly from specified values. 

DC OPERATING CONDITIONS 10020EV8 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

NOM 

MAX 

UNIT 

V CC. Vcoi. V C02 

Circuit ground 


0 

0 

0 

V 

Vee 

Supply voltage 


-4.8 

-4.5 

-4.2 

V 

Vee 

Supply voltage when opetating with the 10K 
or 10KH ECL family 


-5.7 



V 



V EE = -4.2V 

-1150 




Vih 

High level input voltage 

V EE = -4.5V 

-1165 

■ 

-880 

mV 



V EE = -4.8V 

-1165 

uKBm 





V EE = -4.2V 


■ 

-1475 

mV 

V|L 

Low level input voltage 

V EE = -4.5V 

-1810 


-1475 

mV 



V EE = -4.8V 



-1490 

mV 

Tamb 

Operating ambient temperature range 

0 

+25 

+85 

°C 


NOTE: 

When operating at other than the specified V EE voltages (-4.2V, -4.5V, -4.8V), the DC and AC Electrical Characteristics will vary slightly from 
their specified values. 
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Registered Active-LOW 




Figure 2. Output Macro Cell Configurations 


OUTPUT MACRO CELL 
CONFIGURATION 

Shown in Figure 2 are the four possible 
configurations of the output macrocell using 
fuses S 0 and S^ As seen, the output can 
either be registered Active-HIGH/LOW with 
feedback or combinatorial Active-HIGH/LOW 
with feedback. If the registered mode is 
chosen, the feedback from the <3 output to 
the AND array enables one to make state 
machines or shift registers without having to 
tie the output to one of the inputs. If a 
combinatorial output is chosen, the feedback 
gate is enabled from the pin and allows one 
to create permanent outputs, permanent 
inputs, or I/O pins through the use of the 
output enable (D) product term. 


OUTPUT ENABLE 

Each output on the 10H20EV8/10020EV8 
has its own individual product term for output 
enable. The use of the D product term 
(direction control) allows the user three 
possible configurations of the outputs. They 
are: always enabled, always disabled, and 


controlled by a programmed pattern. A HIGH 
on the D term enables the output, while a 
LOW performs the disable function. Output 
enable control can be achieved by 
programming a pattern on the D term. 

The output enable control can also be used to 
expand a designer’s possibilities once a 
combinatorial output has been chosen. If the 
D term is always HIGH, the pin becomes a 
permanent Active-HIGH/LOW output. If the 
D term is always LOW (all fuses left intact), 
the pin now becomes an extra input. 


PRESET AND RESET 

The 1 0H20EV8/1 0020EV8 also includes a 
separate product term for asynchronous 
Preset and asynchronous Reset. These lines 
are common for all registers and are asserted 
when the specific product term goes HIGH. 
Being asynchronous, they are independent of 
the clock. It should be noted that the actual 
state of the output is dependent on how the 
polarity of the particular output has been 
chosen. If the outputs are a mix of 


Active-HIGH and Active-LOW, a Preset signal 
will force the Active-HIGH outputs HIGH 
while the Active-LOW outputs would go LOW, 
even though the Q output of all flip-flops 
would go HIGH. A Reset signal would force 
the opposite conditions. 


PRELOAD 

To simplify testing, the 10H20EV8/10020EV8 
has also included PRELOAD circuitry. This 
allows a user to load any particular data 
desired into the registers regardless of the 
programmed pattern. This means that the 
PRELOAD can be done on a blank part and 
after that same part has been programmed to 
facilitate any post-fuse testing desired. 

It can also be used by a designer to help 
debug a circuit. This could be important if a 
state machine was implemented in the 
10H20EV8/ 10020EV8. The PRELOAD 
would allow the entry of any state in the 
sequence desired and start clocking from that 
particular point. Any or all transitions could be 
verified. 
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DC ELECTRICAL CHARACTERISTICS 10H20EV8 

0°C < T amb < +75°C, V EE = -5.2V ± 5%, V cc = V CO i = V c0 2 = GND 






LIMITS 4 


SYMBOL 

PARAMETER 1 

TEST CONDITIONS 2 

Tamb 

MIN 

MAX 

UNITS 

VoH 

High level output voltage 

V| N = V| H MIN or V| L MAX 

ox 

-1020 

-840 





+25X 

-980 

-810 

mV 




+75X 

-920 

-735 


V OL 

Low level output voltage 

V| N = V| H MIN or V| L MAX 

OX 

BQj 

H£ la 





+25X 



mV 




+75X 

KLd 

-1600 


l|H 

High level input current 

Vin = Vih MAX 

OX 

+75X 


220 

pA 

mmm 

Low level input current 

V| N = V iL MIN 

OX 




mm 


Except I/O Pins 

+75X 

0.3 


pA 

-Iee 

Supply current 

V EE = MAX 

All inputs = V| H MAX 

0°C to +75°C 


250 

mA 


DC ELECTRICAL CHARACTERISTICS 10020EV8 

OX < T amb < +85X, -4.8V < V EE < -4.2V, V cc = V CO i = V C0 2 = GND 


SYMBOL 

PARAMETER 1 

TEST CONDITIONS 2 

LIMITS 4 

UNITS 

MIN 

TYP 

MAX 





V EE = —4.2V 

-1020 


-870 

mV 

I 

o 

> 

High level output voltage 


V in = V| H MAX or V| L MIN 

V EE = -4.5V 

-1025 

-955 

-880 

mV 





V EE = -4.8V 

-1035 


-880 

mV 



Outputs 

Apply Vihmin or Vilmax 1° 

V EE = —4.2V 

-1030 



mV 

VoHT 

High level output threshold voltage 

Loaded 

one input at a time, other 

V EE = —4.5V 

-1035 



mV 



with 50£2 

inuts at V| H max or Vilmin. 

Vee = —4.8V 

-1045 



mV 



to -2.0 V 

Apply Vihmin or V| L MAxt° 

Vee = -4.2V 



-1595 

mV 

Volt 

Low level output threshold voltage 

± 0.010V 

one input at a time, other 

V EE = -4.5V 



-1610 

mV 




inuts at Vihmax or Vilmin. 

V EE = -4.8V 



-1610 

mV 





V EE = —4.2V 

-1810 


-1605 

mV 

Vol 

Low level output voltage 


Inuts at Vihmax ° r Vilmin. 

V EE = -4.5V 

-1810 

-1705 

-1620 

mV 





VgE = —4.8V 

-1830 


-1620 

mV 

l|H 

High level input current 

One input under test at V| H max- Other inputs at V| L min- 



220 

pA 

l| L 

Low level input current 

One input under test at V| L min- Other inputs at V| HMAX . 

0.5 



pA 

-Iee 

V EE supply current 

All inputs atViHMAX- 



230 

mA 


NOTES: 


1. All voltage measurements are referenced to the ground terminal. 

2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. 

Thermal equilibrium is established by applying power for at least 2 minutes, while maintaining transverse airflow of 2.5 meters/sec (500 linear 
feet/min.) over the device, mounted either in a test socket or on a printed circuit board. Test voltage values are given in the DC operating 
conditions table. Conditions for testing shown in the tables are not necessarily worst case. For worst case testing guidelines, refer to 

DC Testing, Chapter 1 , Section 3, of the Philips Semiconductors 10/100K ECL Data Handbook. 

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be 
terminated to -2V. If tied to V EE , it must be through a resistor > 10K. It is recommended that pins that have been programmed as RESET, 
PRESET, or CLOCK inputs not be left open due to the possibility of false triggering from internally and externally generated switching 
transients. 

4. The specified limits represent the worst case values for the parameter. Since these worst case values normally occur at the supply voltage 
and temperature extremes, additional noise immunity can be achieved by decreasing the allowable operating condition ranges. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


ECL programmable array logic 


1 0H20EV8/1 0020EV8 


AC ELECTRICAL CHARACTERISTICS (for Ceramic Dual In-Line Package) 

10H20EV8: 0°C <; T amb < +75°C, V EE = -5.2V + 5%, V cc = V CO i = V C0 2 = GND 
10020EV8: 0°C S T amb < +85°C, -4.8V <; V EE £ -4.2V, Vcc = V CO i = V C0 2 = GND 






LIMITS 1 


SYMBOL 

PARAMETER 

FROM 

TO 

0°C 

+25°C 

+75°C/+85°C 

UNIT 





MIN 2 

TYP 3 

MAX 2 

MIN 2 

TYP 3 

MAX 2 

MIN 2 

TYP 3 

MAX 2 


Pulse Width 

■SB 

Clock High 

mgm 

SB 


0.6 


2.0 

0.6 


2.0 

0.6 

Bl 

ns 

Efl 

Clock Low 

SB 

E 

B. 

0.9 


2.0 

0.9 


2.0 

0.9 

■ 

ns 

EB 

Clock Period 

CLK + 

CLK + 




4.0 



4.0 


■ 

ns 

tpRH 

Preset/Reset Pulse 

(1, I/O) ± 

(1, I/O) ± 

H 



4.5 

— 


4.5 

— 

■ 

ns 

Setup and Hold Time 

*IS 

Input 

(1, I/O) ± 


2.6 

1.0 

■ 

2.6 

1.1 

wm 

2.7 

1.4 

■ 

ns 

t|H 

Input 

CLK + 


0.1 

<0 


0.1 

<0 

m 

0.1 

<0 


ns 

IPRS 

Clock Resume after 
Preset/Reset 

(1, I/O) + 


4.6 

1.0 

■ 

4.6 

0.9 

■ 

4.6 

0.8 

■ 

ns 

Propagation Delay 

tPD 

Input 

(1, I/O) ± 

1/0 + 


2.85 

B 

■ 

2.95 

4.7 


3.35 

B 

ns 

tCKO 

Clock 

CLK + 

1/0 + 

m 

1.65 


■ 

1.7 

2.4 


2.0 


ns 

tOE 

Output Enable 

(1, I/O) ± 

I/O 

m 

2.0 


m 

2.1 

4.2 


2.2 


ns 

too 

Output Disable 

(1, I/O) + 

I/O 

m 

2.0 


■ 

2.1 

4.2 


2.2 

Q 

ns 

tpRO 

Preset/Reset 

(1, I/O) ± 

1/0 + 

■ 

2.8 


1 

3.0 

4.7 


3.5 

Bl 

ns 

IPPR 

Power-on Reset 

V EE 

I/O 

■ 

— 

10 

■ 

— 

10 


— 

10 

ns 

Imax 




212 

377 


212 

357 


204 

294 


MHz 


NOTES: 

1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 

2. Maximum loading conditions: 89 fuses intact per row. 

3. Typical loading conditions: 15 fuses intact per row. (All “inactive" fuses, except those necessary for correct functionality, are removed.) 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


ECL programmable array logic 


1 0H20EV8/1 0020EV8 


AC ELECTRICAL CHARACTERISTICS (for Plastic Leaded Chip Carrier) 

10H20EV8: 0°C < T amb < +75°C, V EE = -5.2V ± 5%, V cc = V CO i = V C 02 = GND 
10020EV8: 0°C < T amb < +85°C, -4.8V < V EE < -4.2 V, V cc = V C oi = V C 02 = GND 






LIMITS 1 


SYMBOL 

PARAMETER 

FROM 

TO 

o°c 

+25°C 

+75°C/+85°C 

UNIT 

J 





TYP 3 

MAX 2 

MIN 

TYP 3 

MAX 2 

MIN 

TYP 3 

MAX 2 


Pulse Width 

tCKH 

Clock High 

n 

CLK- 

2.0 

0.6 


2.0 

0.6 


2.0 

0.6 

■ 

ns 

tcKL 

Clock Low 

Hi 

CLK + 

2.0 

0.9 


2.0 

0.9 


2.0 

0.9 

1 

ns 

tCKP 

Clock Period 

CLK + 

CLK + 

4.0 



4.0 



4.0 


| 

ns 

tpRH 

Preset/Reset Pulse 

(1, I/O) ± 

(1, I/O) + 

4.5 

— 


4.5 

— 


4.5 

- 

■ 

ns 

Setup and Hold Time 

tis 

Input 

(1, I/O) + 

ESS 

2.5 

1.0 

H 

2.5 

1.1 

H 

2.6 

1.4 

| 

ns 

tlH 

Input 

CLK + 


0 

<0 


0 

<0 


0 

<0 

H 

ns 

fpRS 

Clock Resume after 
Preset/Reset 

(1, I/O) + 

a 

4.5 

1.0 

■ 

4.5 

0.9 

■ 

4.5 

0.8 


ns 

Propagation Delay 

tPD 

Input 

(1, l/0)± 

1/0 + 

■ 

2.85 


■1 

2.95 



3.35 


ns 

tCKO 

Clock 

CLK + 

l/0± 

| 

1.65 



1.7 



2.0 


ns 

tOE 

Output Enable 

(1, I/O) ± 

I/O 


2.0 

4.0 

1 

2.1 

4.0 


2.2 

4.0 

ns 

too 

Output Disable 

(1, 1/0) + 

I/O 


2.0 

4.0 

H 

2.1 

4.0 

■ 

2.2 

4.0 

ns 

tpRO 

Preset/Reset 

(1, 1/0) + 

l/0± 


2.8 

4.5 


3.0 

4.5 

■ 

3.5 

4.5 

ns 

fpPR 

Power-on Reset 

Vee 

I/O 

I 5 ■ 

— 

10 

■ 

- 

10 

H 

— 

10 

ns 

^MAX 




212 

377 


212 

357 


204 

294 


MHz 


NOTES: 

1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 

2. Maximum loading conditions: 89 fuses intact per row. 

3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed.) 
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Philips Semiconductors Programmable Logic Devices 

Product specification 

ECL programmable array logic 

1 0H20EV8/1 0020EV8 

AC TEST CIRCUIT 



+2.0V ± 0.010V 



-2.5V ± 0.010V FOR 10020EV8 
-3.2V ± 0.010V FOR 10H20EV8 


NOTES: 

1. Use decoupling capacitors of 0.1 pF and 25pF from GND to V C c. and O.OlpF and 25pF from GND to Vee (0 01 and O.lpF capacitors 
should be NPO Ceramic or MLC type). Decoupling capacitors should be placed as close as physically possible to the DUT and lead 
length should be kept to less than V 4 inch (6mm). 

2. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 

3. All unused outputs are loaded with 500 to GND. 

4. L, and L 2 are equal length 50 impedance lines, L 3 , the distance from the DUT pin to the junction of the cable from the Pulse 
Generator and the cable to the Scope, should not exceed V 4 inch (6mm). 

5. Rt = 5012 terminator internal to Scope. 

6. The unmatched wire stub between coaxial cable and pins under test must be less than V 4 inch (6mm) long for proper test. 

7. Cl = Fixture and stray capacitance < 3pF. 

8. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the 
DUT and the Scope should not exceed V 4 inch (6mm) in length (refer to section on AC setup procedure). 

9. All 5012 resistors should have tolerance of ± 1 % or better. 

10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner. 
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Philips Semiconductors Programmable Logic Devices 

Product specification 

ECL programmable array logic 

1 0H20EV8/1 0020EV8 

VOLTAGE WAVEFORMS 



NEGATIVE 

PULSE 



+1110mV (10H20EV8) 
+1050mV (10020EV8) 



+1110mV (10H20EV8) 
+1050mV (10020EV8) 


INPUT PULSE REQUIREMENTS 

Vqc = V CQ1 = V CQ2 = +20V tf.OIOV, V EE = -3.2V ± O.OIOV, V T = GND (OV) 


FAMILY AMPLITUDE REPRATE PULSE WIDTH 

10KHECL 800mVp_p 1MHz 500ns 


1.3 + 0.2ns 1.3 + 0.2ns 


INPUT PULSE REQUIREMENTS 


Vqc = V C oi = VcQ2 = +2.0V ±0.010 V, V EE = -2.5V ± O.OIOV. V T = GND (OV) 


FAMILY AMPLITUDE REPRATE PULSE WIDTH 

100KECL 740mVp_p 1MHz 500ns 


0.7± 0.1ns 0.7 + 0.1ns 


Input Pulse Definition 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


ECL programmable array logic 


1 0H20EV8/1 0020EV8 


REGISTER PRELOAD 

The 10H20EV8/10020EV8 has included 
circuitry that allows a user to load data into 
the output registers. Register PRELOAD can 
be done at any time and is not dependent on 
any particular pattern programmed into the 
device. This simplifies the ability to fully verify 
logic states and sequences even after the 
device has been patterned. 

The pin levels and sequence necessary to 
perform the register PRELOAD are shown 
below. 



DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 

ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 

PRELOADED DISABLED 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

MIN 

TYP 

MAX 

V|H 

Input HIGH level during 
PRELOAD and Verify 

-1.1 

-0.9 

-0.7 

V 

VlL 

Input LOW level during 

PRELOAD and Verify 

-1 .85 

-1.65 

-1.45 

V 

Vp P 

PRELOAD enable voltage 
applied to In 

1.45 

1.6 

1.75 

V 


NOTE: 


1 . Unused inputs should be handled as follows: 

- Set at V| H or V !L 

- Terminated to -2V 

- Tied to Vee through a resistor > 1 0K 

- Open 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


ECL programmable array logic 


1 0H20EV8/1 0020EV8 


LOGIC PROGRAMMING 

The 10H20EV8/10020EV8 is fully supported 
by industry standard (JEDEC compatible) 
PLD CAD tools, including Philips 
Semiconductors SNAP design software 
package. ABEL™ and CUPL™ design 
software packages also support the 
10H20EV8/10020EV8. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

10H20EV8/10020EV8 logic designs can also 
be generated using the program table entry 
format detailed on the following page. This 


program table entry format is supported by 
SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, F, Q, etc.) is assigned a symbol. 
The symbols for TRUE, COMPLEMENT, 
INACTIVE, PRESET, etc., are defined below. 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the I, F or Q link pairs is left intact. 

OUTPUT MACROCELL CONFIGURATIONS 


OUTPUT MACROCELL CONFIGURATION 

CONTROL WORD 
FUSE 

POLARITY FUSE 

Registered Output, Active-HIGH 

D 

H 

Registered Output, Active-LOW 

D 1 

L 1 

Combinatorial I/O, Active-HIGH 

B 

H 

Combinatorial I/O, Acitve-LOW 

B 

L 


NOTE: 


1. This is the initial (unprogrammed) state of the device. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of the 1 992 PLD Data 
Handbook for additional information. 


ABEL te a trademark ot Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 
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SNAP 

Features 

• Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT III 

• State Equation Entry 

• Boolean Equation Entry 

• Allows design entry in any combination of 
above formats 

• Simulator 

- Logic and fault simulation 

- Timing model generation for device 
timing simulation 

- Synthetic logic analyzer format 

• Macro library for standard TTL and user 
defined functions 

• Device independent netlist generation 


• JEDEC fuse map generated from netlist 

SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 

The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 


SNAP’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 

SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2. 1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


DESIGN SECURITY 

The 10H20EV8/10020EV8 has a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 
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Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 


DESCRIPTION 

The PHD48N22-7 is an ultra fast 
Programmable High-speed Decoder featuring 
a 7.5ns maximum propagation delay. The 
architecture has been optimized using Philips 
Semiconductors state-of-the-art bipolar oxide 
isolation process coupled with 
titanium-tungsten fuses to achieve superior 
speed in any design. 

The PHD48N22-7 is a two level logic 
element comprised of 36 fixed inputs, 

73 AND gates, 10 outputs, and 12 
bidirectional I/Os. This gives the device the 
ability to have as many as 48 inputs. 

Individual 3-State control of all outputs is also 
provided. 

The device is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 
Proprietary designs can be protected by 
programming the security fuse. 

The SLICE and SNAP software packages 
from Philips Components-Philips 
Semiconductors support easy design entry 
for the PHD48N22-7 as well as other PLD 
devices. 

Order codes are listed below. 


FEATURES 

• Ideal for high speed system decoding 

• Super high speed at 7.5ns tpo 

• 36 dedicated inputs 

• 22 outputs 

- 1 2 bidirectional I/O 

- 10 dedicated outputs 

• Security fuse to prevent duplication of 
proprietary designs. 

• Individual 3-State control of all outputs 

• Field-programmable on industry standard 
programmers 

• Available in 68-Pin Plastic Leaded Chip 
Carrier (PLCC) 

APPLICATIONS 

• High speed memory decoders 

• High speed code detectors 

• Random logic 

• Peripheral selectors 

• Machine state decoders 


PIN CONFIGURATION 




A Package 




0 

0 


EL 


Q° 


• 



§6] 

1 






44] 


£3 



i«r 


A - Plastic Leaded Chip Carrier 




Pin 

Function 


Pin 

Function 


1 

10 


35 

129 


2 

11 


36 

130 


3 

12 


37 

131 


4 

VCC3 


38 

VCC4 


5 

13 


39 

132 


6 

14 


40 

133 


7 

15 


41 

134 


8 

16 


42 

135 


9 

17 


43 

B0 

10 

18 


44 

B1 


11 

19 


45 

B2 

12 

110 


46 

B3 

13 

111 


47 

B4 

14 

GND5 


48 

GND6 

15 

GND1 


49 

GND2 

16 

112 


50 

B5 

17 

113 


51 

B6 

18 

114 


52 

B7 

19 

115 


53 

00 

20 

116 


54 

01 

21 

V CC2 


55 

V CC1 

22 

117 


56 

02 

23 

118 


57 

03 

24 

119 


58 

04 

25 

120 


59 

05 

26 

121 


60 

06 

27 

122 


61 

07 

28 

123 


62 

08 

29 

124 


63 

09 

30 

125 


64 

ORO 

31 

126 


65 

OR1 

32 

GND3 


66 

GND4 

33 

127 


67 

OR2 

34 

128 


68 

OR3 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

68-Pin Plastic Leaded Chip Carrier 

PHD48N22-7A 

0398 E 
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Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 



ABSOLUTE MAXIMUM RATINGS 1 


THERMAL RATINGS 



SYMBOL 

PARAMETER 

RATINGS | 

MIN 

MAX 

Vcc 

Supply voltage 

-0.5 

+7 

VlN 

Input voltage 

-0.5 

+5.5 

VoUT 

Output voltage 


+5.5 

i|N 

Input currents 

-30 

+30 

tauT 

Output currents 


+100 

Tamb 

Operating temperature range 

0 

+75 

Tstg 

Storage temperature range 

-65 

+150 


NOTES: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


OPERATING RANGES 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

v cc 

Supply voltage 

+4.75 

+5.25 

Vdc 

T"amb 

Operating free-air temperature 

0 

+75 

°C 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75 < V C c < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

VlL 

Low 

V cc = MIN 



0.8 

V 

V|H 

High 

V CC = MAX 

2.0 



V 

Vic 

Clamp 

V cc = MIN, Iin = -1 8mA 


-0.8 

-1.5 

V 

Output voltage 



V cc = MIN, Vin = V| H or V tL 





V OL 

Low 

Iol = +24mA 



0.5 

V 

X 

o 

> 

High 

Iqh = -3.2mA 




V 

Input current 



V cc = MAX 





l|L 

Low 

V,m = +0.40V 


-20 

-250 

pA 

IlH 

High 

V, N = +2.7 V 



25 

pA 

l| 

High 

V|N = Vcc = Vcc MAX 



100 

pA 

Output current 

■a 


Vcc = MAX 





1 

Output leakage 3 

Vout = +2.7V 



100 



Output leakage 3 

Vout = +0.40V 



-100 



Short circuit 4 

Vout = +0V 

-30 

-60 

-90 


!cc 

Vcc current 

V cc = MAX 



420 

mA 

Capacitance 5 



V CC = +5V 




mm 

C|N 

Input 

V 1N = 2.0V @f = 1MHz 


8 



Gout 

I/O 

Vqut = 2.0V @ f = 1 MHz 


8 


WEM 


NOTES: 

1 . Typical limits are at V C c = 5.0V and T am b = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Leakage current for bidirectional pins is the worst case of l||_ and Iqzl or lm and Iozl- 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

5. These parameters are not 100% tested, but are periodically sampled. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 


AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75 < V cc < 5.25V, R, = 200fl, R 2 = 3900 
Operating temerature at 200 CFM Minimum air flow. 






TEST 

LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITIONS 


MIN 

UNIT 

tPDI 1 

Propagation delay 
through B/O outputs 

(1, B, OR) ± 

Output ± 

C L = 50pF 


7.5 

ns 

1PD2 1 

Propagation delay 
through OR outputs 

(1, B, OR) ± 

Output ± 

C L = 50pF 


8.0 

ns 

tQE 2 

Output Enable 

(1, B, OR) ± 

Output enable 

C L = 50pF 


10 

ns 

tOD 2 

Output Disable 

(1, B, OR) ± 

Output disable 

C L = 5pF 


10 

ns 


NOTES: 


1 . tpQi , 2 are tested with switch S; closed and C L = 50pF. 

2. For 3-State output; output enable times are tested with Cl = 50pF to the 1 ,5V level, and S} is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h - 0.5V) with S, open, and Low-to-High impedance tests are made to the V T = (V OL + 0.5V) level with S, closed. 

VIRGIN STATE TIMING DEFINITIONS 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are disabled. 

2. All p-terms are disabled in the AND array. 


SYMBOL 

PARAMETER 

*P01 

Input to output propagation 
delay (through B/O outputs). 

tpD2 

Input to output propagation 
delay (through OR outputs). 

tOD 

Input to Output Disable 
(3-State) delay (Output 
Disable). 

tQE 

Input to Output Enable delay 
(Output Enable). 


TIMING DIAGRAM 


. *PD1. 2. 


XHX 


*OF*j 


3.0V 
1.5 V 
0V 

VOH 

VOL 


WAVEFORM INPUTS OUTPUTS 


WAVEFORM INPUTS 


OUTPUTS 


MUST BE WILL BE 

STEADY STEADY 


DON’T CARE; CHANGING; 

ANY CHANGE STATE 

PERMITTED UNKNOWN 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 


NOTE: 
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0 1 2 3 4 S 6 7 8 9 10 11 12 13 14 1 5 1 6 1 7 18 19 20 21 22 

o <= OR Outputs TEST CONDITIONS: T am p *= 75°C; 

• - B/O Outputs V C C - 4.75V; C L = 50pF; 


R] - 2000; R 2 - 3900 


Worst-Case Propagation Delay vs. Number of Outputs Switching 


AC TEST LOAD CIRCUIT 



C-| and Cj are to bypass Vqq to GND. 


VOLTAGE WAVEFORMS 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 


LOGIC PROGRAMMING 

The PHD48N22-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ 90 design software packages also 
support the architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


“AND” ARRAY - (I, B) 



NOTE: 

1. This is the initial state. 


PHD48N22-7 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, 
each logic variable (I, B, P and D) from the 
logic equations is assigned a symbol. TRUE 
(High), COMPLEMENT (Low), DON’T CARE 
and INACTIVE symbols are defined below. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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Product specification 


Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 
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Programmable high-speed decoder logic 
(48 x 73 x 22) 


PHD48N22-7 


PROGRAM TABLE (Continued) 
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PHD48N22-7 


TYPICAL SYSTEM APPLICATION 
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(48 x 73 x 22) 


PHD48N22-7 


SNAP RESOURCE SUMMARY DESIGNATIONS 



October 22, 1993 


175 









Programmable Logic Devices 


Section 4 

PLA Devices 


CONTENTS 

PLS153/A Programmable logic arrays (18x42 x 10) 179 

PLUS153B/D Programmable logic arrays (18 x 42 x 10) 187 

PLUS153-10 Programmable logic array (18 x 42 x 10) 195 

PLS173 Programmable logic array (22 x 42 x 10) 203 

PLUS173B/D Programmable logic arrays (22 x 42 x 10) 211 

PLUS173-10 Programmable logic array (22 x 42 x 10) 219 

PLS100/PLS101 Programmable logic arrays (16 x 48 x 8) 227 




Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


P LSI 53/A 


DESCRIPTION 

The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND gates 
and 10 OR gates with fusible link connections 
for programming I/O polarity and direction. 

All AND gates are linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 18 
inputs to 10 outputs. 

On-chip T/C buffers couple either True (I, B) 
or Complement (I, B) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
turn, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 

The P LSI 53 and PLS153A are 
field-programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. 


FEATURES 

• Field-Programmable (Ni-Cr links) 

• 8 inputs 

• 42 AND gates 

• 10 OR gates 

• 1 0 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• I/O propagation delay: 

- PLS153: 40ns (max) 

- PLS153A: 30ns (max) 

• Input loading: -100(JA (max) 

• Power dissipation: 650mW (typ) 

• 3-State outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 


PIN CONFIGURATIONS 


N Package 



i°] Vcc 


A Package 

to h to Vcc b 9 



N b 4 


A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual In-Line, 300mil-wide 

PLS153N, 

PLS153AN 

0408B 

20-Pin Plastic Leaded Chip Carrier 

PLS153A, 

PLS153AA 

0400 E 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 

PnsABCD-... 

TYPICAL LOGIC FUNCTION: 

AT OUTPUT POLARITY = H 
Z = PO + Pi + P2 . . . 

AT OUTPUT POLARITY = L 
Z = Pf) + Pi + P4 + . . . 

Z = P5 • PT ■ PS ■ . . . 

NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active- Low) is available, but not 
both. The desired output polarity is programmed via 
the Ex-OR gates. 

2. Z. A, B, C, etc. are user defined connections to fixed 
inputs (I) and bidirectional pins (B). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


P LSI 53/A 



(LOGIC TERMS-P) 
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(CONTROL TERMS) 
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NOTES: 

1. All programmed 'AND' gate locations are pulled to logic "1", 

2. All programmed 'OR' gate locations are pulled to logic "0". 

3. Programmable connection. 







Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 

PLS153/A 

(18 x 42 x 10) 

FUNCTIONAL DIAGRAM 




ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7 

Vdc 

Vin 

Input voltage 


+5.5 

Vdc 

V 0 UT 

Output voltage 


+5.5 

Vdc 

l|N 

Input currents 

-30 

+30 

mA 

!out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75 °C 


The PLS153/A devices are also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Philips 
Semiconductors Military Data Handbook. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x 10) 


P LSI 53/A 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V <; V CC ^ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V|L 

Low 

V cc = MIN 



0.8 

V 

V| H 

High 

V cc = MAX 

2.0 



V 

Vic 

Clamp 3 

Vcc = MIN, Iin — —1 2mA 


-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 


■ 



V OL 

Low 4 

l 0L = 15mA 

Hi 


0.5 

V 

VoH 

High 5 

Iqh = -2mA 




V 

Input current 9 

«■§ 


V cc = MAX 

HH 

■ 




Low 

V| N = 0.45V 



-100 

pA 

H m 

High 

V|N = 5.5V 



40 

pA 

Output current 



Vcc = MAX 





l0(0FF) 

Hi-Z state 8 

Vout = 5.5 V 


1 

80 

pA 



Vqut = 0.45V 


■ 

-140 


los 

Short circuit 3 - 5 ’ 6 

V OU T = 0V 

-15 


-70 

mA 

Icc 

V C c supply current 7 

V CC = MAX 


130 

155 

mA 

Capacitance 



< 

o 

II 

cn 

< 

HH| 

— 

KM 



Input 

V, N = 2.0V 

■ 

8 


PF 

EH 

I/O 

V B = 2.0V 

MPSil 

15 


PF 


NOTES: 

1 . All typical values are at V C c = 5V, T am b = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with +10V applied to l 7 . 

5. Measured with +1 0V applied to lo_ 7 . Output sink current is supplied through a resistor to V cc . 

6. Duration of short circuit should not exceed 1 second. 

7. l C c is measured with l 0 , h at 0V, l 2 - 1 7 and Bo_g at 4.5V. 

8. Leakage values are a combination of input and output leakage. 

9. Iil and Iih limits are for dedicated inputs only (l 0 - 1 7 ). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


P LSI 53/A 


AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75X, 4.75V < Vcc ^ 5.25V, = 3000, R 2 = 3900 







LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST 

PLS153 

PLS153A 

UNIT 





CONDITION 

MIN 

TYP 1 

MAX 

MIN 

TYP 1 

MAX 


tpD 

Propagation delay 

Input ± 

Output ± 

C L = 30pF 


30 

40 


20 

30 

ns 

tOE 

Output enable 2 

Input ± 

Output - 

C L = 30pF 


25 

35 


20 

30 

ns 

tOD 

Output disable 2 

Input! 

Output + 

C L = 5pF 


25 

35 


20 

30 

ns 


NOTES: 

1 . All typical values are at Vcc = 5V, T amb = +25X. 

2. For 3-State output; output enable times are tested with C L = 30pF to the 1 .5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vy = (Voh - 0.5V) with S, open, and Low-to-High impedance tests are made to the Vt = (Vol + 0.5V) level with Si closed. 

3. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORMS 



TEST LOAD CIRCUIT 



Ci and Cg are to bypass Vqc t0 GND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL 

PARAMETER 

tpo 

Propagation delay between 
input and output. 

*OD 

Delay between input change 
and when output is off (Hi-Z 
or High). 

fOE 

Delay between input change 
and when output reflects 
specified output level. 




> 

> 

ei.5V 





B 

X ,sv 


“V, v OH 

1 Vol 

«oe r*~ 


■*" tpD“J 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


PLS153/A 


LOGIC PROGRAMMING 

The PLS153/A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors 
SNAP, Data I/O's ABEL™ and Logical 
Devices, Inc. CUPL™ design software 
packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 



PLS153/A logic designs can also be 
generated using the program table entry 
format detailed on the following page. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 


COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information 


AND ARRAY - (I, B) 



OR ARRAY - (B) 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate P n will be unconditioanlly inhibited if both the True and Complement of an input (either 
I or B) are left intact. 


ABEL is a trademark of Data I/O Corp, 

CUPL is a trademark of Logical Devices, Inc, 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at “H" polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 

CAUTION: PLS153A TEST 
COLUMNS 

The PLS153A incorporates two columns not 
shown in the logic block diagram. These 
columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS153A in your application. If you are using 
a Philips Semiconductors-approved 
programmer, the disabling is accomplished 
during the device programming sequence. If 
these columns are not disabled, abnormal 
operation is possible. 

Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 
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Programmable logic arrays 
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PLS153/A 
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Product specification 


Programmable logic arrays 
(18x42x 10) 


PLS153/A 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


PLUS153B/D 


DESCRIPTION 

The PLUS153 PLDs are high speed, 
combinatorial Programmable Logic Arrays. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce propagation delays as 
short as 12ns. 

The 20-pin PLUS1 53 devices have a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the PLUS153 
devices can support up to 32 input wide OR 
functions. 

The polarity of each output is 
user-programmable as either active-High or 
active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS 153 devices are 
user-programmable using one of several 
commercially available, industry standard 
PLD programmers. 


FEATURES 

• I/O propagation delays (worst case) 

- PLUS153B- 15ns max. 

- PLUS153D- 12ns max. 

• Functional superset of 16L8 and most other 
20-pin combinatorial PAL devices 

• Two programmable arrays 

- Supports 32 input wide OR functions 

• 8 inputs 

• 10 bi-directional I/O 

• 42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation : 750mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 


PIN CONFIGURATIONS 



N Package 


10 [T 


!»] V C C 

ii [T 


T|] B9 

i2 or 


TS] B8 

13 E 


T7) B7 

14 [5 


16] B6 

15 |T 


15] B5 

16 |T 


Tj] B4 

17 [T 


T5] B3 

80 Gl 


12] B2 

GND {To 


TT] bi 


N = Plastic Du^ In-Line Package (300mil-wide) 


A Package 


12 H 10 Vcc B9 



A - Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

t PD (MAX) 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual-ln-Line 300mil-wide 

15ns 

PLUS153BN 

0408D 

20-Pin Plastic Dual-ln-Line 300mil-wide 

12ns 

PLUS153DN 

0408D 

20-Pin Plastic Leaded Chip Carrier 

15ns 

PLUS153BA 

0400E 

20-Pin Plastic Leaded Chip Carrier 

12ns 

PLUS153DA 

0400E 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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Programmable logic arrays 
(18x42x 10) 


PLUS153B/D 



(LOGIC TERMS-P) 

i i i i i i i i i i i i i i i i i i i ii i iiimi 


(CONTROL TERMS) 


pBSiisssH!BiSBRSSifisisiiHiiiiiis^^g»M«raamB 
mmmMmmmmmmmmmmmmm i mmmmmmmmmmi 
pWllll»lllll«!lli!llWlllll!|^*M BBB llPIiB 

|ii!isi!!Siiiiiisaiiiiiimiiiiii^HBmmBBaasB 

■■PPPMllBppiHiHBBIBBaiKg 

■III I II I I lull I 'll ■III! Mill 1 1 

■lllBIlBBilliBBiBlIlilllHIilllllB^gBHBBBBWM 

■ilSlillSillBMSIHllliSliiiiSl^^B^ m | 

■iiiiiiiiiiiiiiiSiiiliiiiiiiiiiS^SMBBHBBBl 
■siilBBmBSIBISSBIlBilHSSRIBBi^^SlBBBBBBHn 

I 33 35-|i'^3 

liiigiiiiiiiiiiiiiiiiiaisiiiii^i^BiBBBi 
Jpmum H H 

a iiiiiiiii mini siiiiiii 
(iiiiiiiiiiiiiiiiiiiiiiiiiigigii^^^Ha 


mu 


NOTES: 

1. All programmed 'AND' gate locations are pulled to logic "1". 

2. All programmed 'OR' gate locations are pulled to logic ‘O. 

3. 55 ;;;; Programmable connection. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18x42x10) 


Product specification 

PLUS153B/D 


FUNCTIONAL DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATING 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7 

Vdc 

VlN 

Input voltage 


+5.5 

Vdc 

V OUT 

Output voltage 


+5.5 

Vdc 

1 IN 

Input currents 

-30 

+30 

mA 

•out 

Output currents 


+100 

mA 

Tamb 

Operating free-air temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


PLUS153B/D 


DC ELECTRICAL CHARACTERISTICS 

0°c <; Tamb $ +75°C, 4.75 <S Vcc * 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 


Input voltage 2 

V|L 

Low 

Vcc = MIN 

wm 


0.8 

■ora 

V|H 

High 

Vcc = MAX 

■ 



I 

Vic 

Clamp 

Vcc = MIN, In = -12mA 

1 

-0.8 

-1.2 

HH 

Output voltage 2 



Vcc = MIN 

■ 

m 



VOL 

Low 4 

Iql = 15mA 


ml 


1 

V 0 H 

High 5 

Iqh = -2mA 

K9 

HI 


m 

Input current 9 



Vcc = MAX 





l|L 

Low 

V, N = 0.45V 



-100 

pA 

■iH 

High 

< 

z 

n 

< 

8 



40 

pA 

Output current 



Vcc = MAX 





lo(OFF) 

Hi-Z state 8 

V 0 ut = 2.7V 


■ 

80 

pA 



V 0UT = 0.45V 


1 

-140 


los 

Short circuit 3 - 5 - 6 

V O ut = 0V 

-15 


-70 

mA 

Ice 

Vcc supply current 7 

Vcc = MAX 


150 

200 

mA 

Capacitance 

i a 


Vcc=5V 

nu 





Input 

V, N = 2.0V 


8 


pF 

H 

I/O 

V 8 = 2.0V 


15 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V, Tar* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with inputs 10 - 12 = 0V, inputs 13 - 15 = 4.5V, inputs 17 = 4.5V and 16 = 10V. For outputs BO - B4 and for outputs B5 - B9 apply the 
same conditions except 17 = 0V. 

5. Same conditions as Note 4 except 17 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with inputs 10 - 17 and BO - B9 = 0V. 

8. Leakage values are a combination of input and output leakage. 

9. Iil and Iih limits are for dedicated inputs only (10 -17). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x10) 


PLUS153B/D 


AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V < V cc < 5.25V, R, = 30012, R 2 = 3900 







LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST 

PLUS153B 

PLUS153D 

UNIT 





CONDITION 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


tpD 

Propagation Delay 2 

Input +/- 

Output +/- 

C L = 30pF 


11 

15 


10 

12 

ns 

k)E 

Output Enable 1 

Input +/- 

Output - 

C L = 30pF 


11 

15 


10 

12 

ns 

tQD 

Output Disable 1 

Input +/- 

Output + 

C L = 5pF 


11 

15 


10 

12 

ns 


NOTES: 

1 . For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and S-i is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (V 0 h - 0.5V) with S, open, and Low-to-High impedance tests are made to the Vj = (V 0 l + 0.5V) level with Si closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORMS 



TEST LOAD CIRCUIT 



Ci and C 2 are to bypass Vcc ,0 &ND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL 

PARAMETER 

tpD 

Propagation delay between 
input and output. 

too 

Delay between input change 
and when output is off (Hi-Z 
or High). 

k)E 

Delay between input change 
and when output reflects 
specified output level. 



‘■3 

< SV } 

£ 5V > 

^1.5V 





B 


"•“IQD 

■^SJ VoH 

1 VOL 

«OE \*~ 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(18x42x 10) 


PLUS153B/D 


LOGIC PROGRAMMING 

The PLUS153B/D is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLUS153B/D architecture. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party 
Programmer/Software Support) of this data 
handbook for additional information. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS153B/D logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc, 
are defined below. 


OUTPUT POLARITY -(B) 



ACTIVE LEVEL 

CODE 



ACTIVE LEVEL 

CODE 

HIGH 1 

(NON-INVERTING) 

H 



LOW 

(INVERTING) 

L 


AND ARRAY - (I, B) 



OR ARRAY - (B) 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate P n will be unconditionally inhibited if both the true and complement of an input (either 
I or B) are left intact. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at “H” polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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NOTES 

In the unprogrammed state: 

• All AND gates are pulled to a logic "0" (Low). 

• Output polarity is non-inverting. 

• Unused I and B bits in the AND array should be programmed 
as Don't Care (-). 

• Unused product terms in the OR array should be 
programmed as INACTIVE (o). 


CUSTOMER NAME_ 
PURCHASE ORDER j 


PHILIPS DEVICE# C 

CUSTOMER SYMBOLIZED PARTj 


TOTAL NUMBER OF PARTS 


PROGRAM TABLE j 


. REV DATE. 


VARIABLE 

NAME 
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PLUS153B/D 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Product specification 


Programmable logic array 
(18x42x10) 


PLUS1 53-10 


DESCRIPTION 

The PLUS153— 10 PLD is a high speed, 
combinatorial Programmable Logic Array. 

The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce maximum propagation 
delays of 10ns or less. 

The 20-pin PLUS153 device has a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 
PLUS 1 53-10 can support up to 32 input wide 
OR functions. 

The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS153-10 device is user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. 


FEATURES 

• I/O propagation delays (worst case) 

- PLUS153-10- 10ns max. 

• Functional superset of 16L8 and most other 
20-pin combinatorial PAL devices 

• Two programmable arrays 

- Supports 32 input wide OR functions 

• 8 inputs 

• 1 0 bi-directional I/O 

• 42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation : 825mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 


PIN CONFIGURATIONS 



ORDERING INFORMATION 

DESCRIPTION 

tpD (MAX) 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual-ln-Line 300mil-wide 

10ns 

PLUS153-10N 

0408D 

20-Pin Plastic Leaded Chip Carrier 

10ns 

PLUS153-10A 

0400E 


®PAL (s a registered trademark of Advanced Micro Devices Corporation. 
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Product specification 


Programmable logic array 
(18x42x10) 


PLUS1 53-10 



(LOGIC TERMS-P) 


s aaiiiiniiiiiiiiii^iiiiiiMiiiiiiii 
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■piliiillliiilliSiillilHliiiiiii 
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mmmmmmmmmmmmmmmmm 
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s mmmmmmmmmi .1 s 
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Siiiiiii! - iiilllllt mill lllilll 
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liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
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mmmmmmmmmmmmmmmm 

mmmmmmmmmmmmmmmmm 

liiiiiiiKiiiiiiiiiiiiiKiiiiiiii 
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(CONTROL TERMS) 


mmmmmmmmmi 

mmmmmmmmmt 
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IlilinillllillKRiillllillllllgEi 


NOTES: 

1. All programmed ‘AND’ gate locations are pulled to logic "1". 

2. All programmed 'OR' gate locations are pulled to logic “O'. 

3. Programmable connection. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(18x42x10) 


PLUS1 53-10 


FUNCTIONAL DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATING 

UNIT 


MAX 

Vex: 

Supply voltage 


+7 

Vdc 

Vln 

Input voltage 


+5.5 

Vdc 

VoUT 

Output voltage 


+5.5 

Vdc 

1 IN 

Input currents 

-30 

+30 

mA 

l0UT 

Output currents 


+100 

mA 

Tamb 

Operating free-air temperature range 

0 

+75 

°C 

T s tg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(18x42x10) 


PLUS1 53-10 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75 < V cc < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V|L 

Low 

V C c = MIN 



0.8 

V 

V|H 

High 

Vcc = MAX 

2.0 



V 

VlC 

Clamp 

V cc = MIN, l| N = -12mA 


-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 

■ 


■ 


V OL 

Low 4 

I 0 l = 15mA 

1 

0.4 


V 

VOH 

High 5 

Iqh = -2mA 


2.9 

1 

V 

Input current 9 

i 


V cc = MAX 





I • 

Low 

V| N = 0.45 V 


-20 

-100 

pA 

n 

High 

o 

o 

> 

1! 

2 

> 

111 si 

1 

40 

pA 

Output current 



V cc = MAX 





b(OFF) 

Hi-Z state 8 

Vout = 2.7V 


0 

80 

pA 



Vout= 0.45V 


-15 

-140 


los 

Short circuit 3 - 5 ' 6 

Vout = 0V 

-15 

-30 

-70 

mA 

be 

Vcc supply current 7 

V cc = MAX 


165 

200 

mA 

Capacitance 

1 1 


< 

o 

0 

li 

01 
< 

JjgH 


■ ■ 


mm 

Input 

V| N = 2.0V 


8 

■ 

PF 

H 

I/O 

V B = 2.0V 


15 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V, T amb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with inputs 10 - 12 = 0V, inputs 13 - 15 = 4.5V, inputs 17 = 4.5V and 16 = 10V. For outputs BO - B4 and for outputs B5 - B9 apply the 
same conditions except 17 = 0V. 

5. Same conditions as Note 4 except 17 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. l C c is measured with inputs 10 - 17 and B0 - B9 = 0V. 

8. Leakage values are a combination of input and output leakage. 

9. I| L and lm limits are for dedicated inputs only (10 - 17). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(18x42x10) 


PLUS1 53-10 


AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V < V cc < 5.25V, R, = 3000, R 2 = 3900 






TEST 

LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

IPD 

Propagation Delay 2 

Input +/- 

Output +/- 

C L = 30pF 


8 

10 

ns 

tOE 

Output Enable 1 

Input +/- 

Output - 

C L = 30pF 


8 

10 

ns 

tOD 

Output Disable 1 

Input +/- 

Output + 

C L = 5pF 


8 

10 

ns 


NOTES: 

1 . For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (V 0 h -0.5V) with St open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

2. All propagation delays are measured and specified under worst case conditions . 


VOLTAGE WAVEFORMS 



TEST LOAD CIRCUIT 



C i and C 2 are to bypass Vqq to GND. 


TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

tpD 

Propagation delay between 
input and output. 

t)D 

Delay between input change 
and when output is off (Hi-Z 
or High). 

foE 

Delay between input change 
and when output reflects 
specified output level. 


TIMING DIAGRAM 




g EBWK 









Bffl 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(18x42x10) 


PLUS1 53-10 


LOGIC PROGRAMMING 

The PLUS153-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLUS153-10 architecture. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party 
Programmer/Software Support) of this data 
handbook for additional information. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS153-10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


OUTPUT POLARITY - (B) 



ACTIVE LEVEL 

CODE 

HIGH 1 

(NON-INVERTING) 

H 


ACTIVE LEVEL 

CODE 

LOW 

L 

(INVERTING) 



AND ARRAY - (I, B) 



OR ARRAY - (B) 



P 


P 





P n STATUS CODE 

P„ STATUS CODE 

ACTIVE 1 A 

INACTIVE • 


NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate P n will be unconditionally inhibited if both the true and complement of an input (either 
I or B) are left intact. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at “H” polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp, 

CUPL is a trademark of Logical Devices, Inc. 
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PLUS1 53-10 


Programmable logic array 
(18x42x 10) 


PROGRAM TABLE 

POLARITY 
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Programmable logic array 
(18x42x 10) 


PLUS1 53-10 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x10) 


PLS173 


DESCRIPTION 

The PLS1 73 is a two-level logic element 
consisting of 42 AND gates and 10 OR gates 
with fusible link connections for programming 
I/O polarity and direction. 

All AND gates are linked to 12 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 22 
inputs to 10 outputs. 

On-chip T/C buffers couple either True (I, B) 
or Complement (T, B) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
turn, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 

The PLS173 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes for this device are listed below. 


FEATURES 

• I/O propagation delay. 30ns (max.) 

• 12 inputs 

• 42 AND gates 

• 10 OR gates 

• 10 bidirectional I/O lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• Ni-Cr programmable links 

• Input loading: -lOOpA (max.) 

• Power dissipation: 750mW (typ.) 

• 3-State outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 


PIN CONFIGURATIONS 


»H 

N Package 

MjVcc 

it [T 


23] B9 

12 H 


22] B8 

13 \T 


fi] B7 

MU 


20] B6 

15 [6 


j|] B5 

16 (T 


W] B4 

17 |T 


17] B3 

»0E 


if] B2 

19 0? 


«] B1 

110 QI 


ID 80 

GND [l2 


if] 111 


N = Plastic DIP (300mil-wide) 

A Package 


13 12 II K> V c c B9 B8 



A . Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING N'lMBER 

24-Pin Plastic Dual-ln-Line 300mil-wide 

PLS173N 

0410D 

28-Pin Plastic Leaded Chip Carrier 

PLS173A 

0401 F 
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Product specification 


Programmable logic array 
(22x42x10) 


PLS173 



(LOGIC TERMS-P) 

I I I I I I I I I I I I I I I I I I I I I I I I I I II 
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i mmmm He 


Siiii ill 


i 


[iiimii 


mini 


wmm 


■aaaiui 


lIlilllllllEllllElllllSIEllliligil^&illli 
ISIIillllliliililiil I H |f 

lliililiilllllliililllilip 

lIlllIlIllilllilllllliiliilM 
li IS I li^Sl 

jlllSIililBSililliillllllliliH 


III 


NOTES: 

1. All programmed 'AND' gate locations are pulled to logic T. 

2. All programmed 'OR' gate locations are pulled to logic "(T. 

3. j:|: Programmable connection. 







Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22 x 42 x 10) 


PLS173 


FUNCTIONAL DIAGRAM 


LOGIC FUNCTION 



TYPICAL PRODUCT TERM: 
Pn-A-B C D- ... 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z = PO + PI + P2 . . . 

AT OUTPUT POLARITY + L 
Z = P0 + Pl + P2 + ... 

Z = P0 PTP5 ... 


NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active- Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. ZX, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (B). 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATING 

UNIT 

Min 

Max 

v cc 

Supply voltage 


+7 

V DC 

V|N 

Input voltage 


+5.5 

V DC 

VOUT 

Output voltage 


+5.5 

Vqc 

!in 

Input currents 

-30 

+30 

mA 

loUT 

Output currents 


+100 

mA 

Tamb 

Operating free-air temperature range 

0 

+75 

°C 

T s tg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


The PLS173 is also processed to military 
requirements for operation over the military 
temperature range. For specifications and 
ordering information, consult the Philips 
Semiconductors Military Data Handbook. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x 10) 


PLS173 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75 < V cc < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V,L 

Low 

Vcc = MIN 



0.8 

V 

V|H 

High 

Vcc = MAX 

2.0 



V 

Vic 

Clamp 3 

V C c = MIN, l tN = -12mA 


-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 





VOL 

Low 4 

Iql = 15mA 

HI 


0.5 

V 

X 

o 

> 

High 5 

Iqh = ~ 2mA 

n 



V 

Input current 9 

1 


V cc = MAX 





IB 

Low 

V| N = 0.45 V 



-100 

pA 

IB 

High 

< 

Z 

II 

< 

8 

mM 


40 

pA 

Output current 



V cc = MAX 


mm 



lo(OFF) 

Hi-Z state 8 

Vout = 5.5V 



80 

pA 



V OU T = 0.45V 


1 1 

-140 


los 

Short circuit 3 ' 5> 6 

Vout = 0V 

-15 

IwM 

-70 

mA 

Icc 

Vcc supply current 7 

V cc = MAX 


150 

170 

mA 

Capacitance 



Vcc = 5V 



mm 


!|N 

Input 

Vin = 2.0V 


8 


PF 

c B 

I/O 

V B = 2.0V 


15 


PF 


NOTES: 

1. All typical values are at Vcc = 5V, T ar rto = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4 Measured with inputs V| L applied to L*. Pins 1-5 = 0V, Pins 6-10 = 4 5V, Pin 11 = OV and Pin 13 = 10V. 

5. Same conditions as Note 4 except Pin 1 1 = +1 0V. 

6. Duration of short circuit should not exceed 1 second. 

7. l C c is measured with l 0 and h = 0V, and l 2 - I,, and B 0 - Bg = 4.5V. Part in Virgin State. 

8. Leakage values are a combination of input and output leakage. 

9. I||_ and Iih limits are for dedicated inputs only (l 0 - In). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x10) 


PLS173 


AC ELECTRICAL CHARACTERISTICS 

OX < T amb < +75X, 4.75 < Vcc< 5.25V, R, = 4700, R 2 = 1 kfl 






TEST 

LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

tpD 

Propagation delay 2 

Input! 

Output i 

C L = 30pF 


20 

30 

ns 

tOE 

Output enable 1 

Input ± 

Output - 

C L = 30pF 


20 

30 

ns 

too 

Output disable 1 

Input! 

Output + 

C L = 5pF 


20 

30 

ns 


NOTES: 


1 . For 3-State output; output enable times are tested with Cl = 30pF to the 1 .5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L = 5pF. High-to-High impedance tests are made to an output 
voltage of Vy = (Voh - 0.5V) with St open, and Low-to-High impedance tests are made to the Vj = (V 0 l + 0.5V) level with St closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM 



TEST LOAD CIRCUIT 



Ci and C 2 are to bypass Vqq to GND. 


c L 


TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

fpD 

Propagation delay between 
input and output. 

k)D 

Delay between input change 
and when output is off (Hi-Z 
or High). 

k)E 

Delay between input change 
and when output reflects 
specified output level. 


TIMING DIAGRAM 




& > 

K 1SV > 

£l.5V 





B 

IgQH 

^ VT 

"*-tOD -*J “*■ 

"Xl V OH 

^LSV 

| V 0 L 

«oe 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x10) 


PLS173 


LOGIC PROGRAMMING 

The PLS1 73 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors 
SNAP, Data I/O Corporation's ABEL™, and 
Logical Devices Incorporated’s CUPL™ 
design software packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLS173 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party 
Programmer/Software Support) of this data 
handbook for addtional information. 


OUTPUT POLARITY - (B) 



ACTIVE LEVEL 

CODE 

LOW 

(INVERTING) 

L 


ACTIVE LEVEL 

CODE 

HIGH 1 

(NON-NVERTING) 

H 


AND ARRAY - (I, B) 



OR ARRAY - (B) 



NOTES: 


1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P n , D n . 

2. Any gate P n , D n will be unconditionally inhibited if both the True and Complement of any input 
(I, B) are left intact. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at "H” polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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PLS173 


PROGRAM TABLE 

POLARITY 
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Product specification 


Programmable logic array 
(22x42x 10) 


PLS173 


SNAP RESOURCE SUMMARY DESIGNATIONS 


P31 Pq Dq O 9 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(22x42x10) 


PLUS173B/D 


DESCRIPTION 

The PLUS173 PLDs are high speed, 
combinatorial Programmable Logic Arrays. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce propagation delays as 
short as 1 2ns. 

The 24-pin PLUS1 73 devices have a 
programmable AND array and a 
programmable OR array. Unlike PAL ® 
devices, 1 00% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the PLUS173 
devices can support up to 32 input wide OR 
functions. 

The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS173 devices are user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. 


FEATURES 

• I/O propagation delays (worst case) 

- PLUS173B- 15ns max. 

- PLUS173D- 12ns max. 

• Functional superset of 20L10 and most 
other 24-pin combinatorial PAL devices 

• Two programmable arrays 

- Supports 32 input wide OR functions 

• 1 2 inputs 

• 10 bi-directional I/O 

• 42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation: 750mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 


PIN CONFIGURATIONS 




N Package 




10 |T 

KJ ■ 

i]vcc 


n [T 


23] B9 



12 [T 


22] B8 



13 [T 


§T] B7 



14 |T 


20] B6 



15 [F 


75] B5 



16 [F 


75] B4 



17 [T 


77] B3 



'8 H 


7^ B2 



19 [l0 


15] Bl 



no [iT 


14] BO 


GND[V2 


75] 111 


N - Plastic Dual In-Line (300mil-wide) 




A Package 




13 12 11 10 Vcc B9 B8 

ri f^i m n m n 


NC[5] 


• 


25] NC 

.4 [6 




S]B7 

15 [7 




23] B6 

16 [8 




22] B5 

17 [F 




2l] B4 

18 Qo 




20] B3 

nc [n 




Te] nc 


[12) [13J |14J (IS) (16) [17) (18) 
19 110 GND 111 B0 B1 B2 


A = Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

tpQ (MAX) 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual In-Line 300mil-wide 

15ns 

PLUS173BN 

0410D 

24-Pin Plastic Dual In-Line 300mil-wide 

12ns 

PLUS173DN 

0410D 

28-Pin Plastic Leaded Chip Carrier 

15ns 

PLUS173BA 

040 IF 

28-Pin Plastic Leaded Chip Carrier 

12ns 

PLUS173DA 

040 IF 


®PAL is a registered trademark of Advanced Micro Devices Corporation. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(22 x 42 x 10) 


PLUS173B/D 



(LOGIC TERMS-P) 


liililiiSillilMlilliilliilillill 

illiiiiliiiiiiiiiiiliiiiiiiiiliill 

SlHHlilRiiiHiiliilMilliil 

iiiiiiliiiiiiSiiiiiiiSiiiiiiii 

lililiPiiiiilHiiiliiiHilliill 

iiiiii^iiiiiii^iiiiiiiniiiiiiii 

mmmmm&mmmmmmmmmm 

mmmmmmmmmmwmmmwm 

llilil^lliiiiWIillilililllillll 

iiiiii^iisiiiipiisiismiiflisii 

mmmmmmmmmmmmmmmm 

iiiiii^iiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiMitiiMiiiiiiMiiiiiiii 

i - mm i 

iiiiiiSiiiiiiiiSiiiiSiiiiSi 

mmmm 1 1 mu mmmmmmmmm 

111111111 i Siili 
iiiiiiniiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiraiiiiiiMiiiiiiiiiiiiii 

liiiii^iiiiiiiiiiiiiiimiiiiiii 

iiiiiiBiiiiiiiiiiiiiiiBiiiiiiii 

iiiiliHiiiiiiliilllilllliiiiil 

liilii^iiiiiliHiiiiiiililiiiiii 

mmmmmmmmmmmmmmmm 

l!!!lg!!l!!!!l!!ll!2!l!!!!l!!! 
lilliiliililll 1 lllllllllli 1 


(CONTROL TERMS) 


mmmmmmmmmi 

mmMMMWMMMl 

mmmmmmmmmi 

iiiiiiiiiii 

tmmmmmmmmmi 

mm m mmmmmmi 

ilSSillll! 

mmmmmmmmmi 

liminiiii 


i i 

mmmmmmmmmi 

mmmmmmmmmm 

i f- 

111111:11111 Si 1 
SiilSIilliS 

r’ Jll d 
mmmmmmmmmm 


if SB Si 

mmmmmmmmmm 


i in 

IllllllHllllllIillllllMlIlllli 

iiiiiiiiiiiiiiiiiiiiiiiiiiS 

liiiiigsi 

llllliliiillilllllllllllllllligl 
lilillllllliiillllllllliiailli^i 
iHiiiiaiiiiiiiiuiiiiaiiii^i 

llililllllllllllllllllilllllgSi 
liliiillilifllllillllllllll^ii 
llilllllllliliiilRiillilllilil^i 
IBlIIillllllllllillililiiSi 


NOTES: 

1. All programmed ‘AND 1 gate locations are pulled to logic “1". 

2. All programmed ‘OR 1 gate locations are pulled to logic "0". 

3. Programmable connection. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(22x42x10) 


PLUS173B/D 


FUNCTIONAL DIAGRAM 


P31 PO DO D9 



ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATING 

UNIT 

MIN 

MAX 

v cc 

Supply voltage 


+7 

Vdc 

V| N 

Input voltage 


+5.5 

Vdc 

VoUT 

Output voltage 


+5.5 

Vdc 

IlN 

Input currents 

-30 

+30 

mA 

Iout 

Output currents 


+100 

mA 

Tamb 

Operating free-air temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(22x42x10) 


PLUS173B/D 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb $ +75°C, 4.75 S Vcc * 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

UMITS 

UNIT 

WEB 

TYP 1 

MAX 

Input voltage 2 

VlL 

Low 

Vcc = MIN 



0.8 

■t 

VlH 

High 

Vcc = MAX 

H 



HH 

Vie 

Clamp 

Vcc = MIN, Iin =-12mA 


-0.8 

-1.2 

V 

Output voltage 2 



Vcc = MIN 

■ 




VOL 

Low 4 

Iol = 15mA 

Hi 

liPjl 

ig 

V 

< 

o 

X 

High 5 

Iqh = -2mA 

1 


i 

V 

Input current 9 



V cc = MAX 

V /0 /; 

H 



'll 

Low 

V, N = 0.45 V 



-100 

pA 

IlH 

High 

V IN = v cc 



40 

pA 

Output current 



V cc = MAX 


H 



lO(OFF) 

Hi-Z state 8 

Vout = 2.7V 



80 

pA 



Vour = 0.45V 


|| 

-140 


•os 

Short circuit 3 - 5 - 6 

Vout = 0V 

-15 


-70 

mA 

Icc 

Vcc supply current 7 

V cc = MAX 


150 

200 

mA 

Capacitance 



V cc = 5V 



mmmm 


1 IN 

Input 

V| N = 2.0V 

■ ■ 

8 

| 

PF 

C B 

I/O 

V B = 2.0 V 


15 


PF 


NOTES: 

1. All typical values are at Vcc = 5V, Tamb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with inputs 10 - 14 = 0V, inputs 15 - 19 = 4.5V, 111 = 4.5V and 119 = 10V. For outputs BO - B4 and for outputs B5 - B9 apply the 
same conditions except 111 = 0V. 

5. Same conditions as Note 4 except input 1 1 1 = +1 0V. 

6. Duration of short circuit should not exceed 1 second. 

7. I cc is measured with inputs 10-111 and BO - B9 = 0V. Part in Virgin State. 

8. Leakage values are a combination of input and output leakage. 

9. I ib and l| H limits are for dedicated inputs only (10 - 111). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(22x42x10) 


PLUS173B/D 


AC ELECTRICAL CHARACTERISTICS 

0°C < Tamb < +75°C, 4.75 <Vcc< 5.25V, R, = 300fl, R 2 = 3900 







LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST 

PLUS173B 

PLUS173D 

UNIT 





CONDITION 

MIN 

TYP 

MAX 


TYP 

MAX 


tpD 

Propagation Delay 2 

Input +/- 

Output +/- 

Cl = 30pF 


11 

15 


10 

12 

ns 

tOE 

Output Enable 1 

Input +/- 

Output - 

C L = 30pF 


11 

15 


10 

12 

ns 

tbD 

Output Disable 1 

Input +/- 

Output + 

C L = 5pF 


11 

15 


10 

12 

ns 


NOTES: 


1 . For 3-State outputs; output enable times are tested with Cl = 30pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h -0.5V) with S ( open, and Low-to-High impedance tests are made to the V r = (V 0 l + 0.5V) level with S 1 closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM 



TEST LOAD CIRCUIT 



TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL 

PARAMETER 

tPD 

Propagation delay between 
input and output. 

*OD 

Delay between input change 
and when output is off (Hi-Z 
or High). 

*OE 

Delay between input change 
and when output reflects 
specified output level. 



=z> 


£- 5v > 

^1.5V 





B 



"\| V OH 

| VOL 

toE r*- 


“•“•PD - *! 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(22 x 42 x 10) 


PLUS173B/D 


LOGIC PROGRAMMING 

The PLUS 173 series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLUS173 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS173 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-Party Programmer/ 
Software Support) of this data handbook for 
additional information. 


OUTPUT POLARITY - (B) 



ACTIVE LEVEL 

CODE 

LOW 

(INVERTING) 

L 


ACTIVE LEVEL 

CODE 

HIGH 1 

(NON-INVERTING) 

H 


AND ARRAY - (I, B) 



OR ARRAY - (B) 



P n STATUS 

CODE 

ACTIVE 1 

A 


P n STATUS 

CODE 

INACTIVE 

I • 


NOTES: 


1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P n , D n . 

2. Any gate P n , D n will be unconditionally inhibited if both the true and complement of any input 
(I, B) are left intact. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at “H" polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL Is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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PLUS173B/D 


Programmable logic arrays 
(22x42x10) 


PROGRAM TABLE 

POLARITY 
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Product specification 


Programmable logic arrays 
(22 x 42 x 10) 


PLUS173B/D 


SNAP RESOURCE SUMMARY DESIGNATIONS 


P31 Po Do °9 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22 x 42 x 10) 


PLUS1 73-10 


DESCRIPTION 

The PLUS1 73-10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce maximum propagation 
delays of 10ns or less. 

The 24-pin PLUS1 73-10 device has a 
programmable AND array and a 
programmable OR array. Unlike PAL® 
devices, 1 00% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 
PLUS 173-10 device can support up to 32 
input wide OR functions. 

The polarity of each output is user- 
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS173-10 device is user- 
programmable using one of several 
commercially available, industry standard 
PLD programmers. 


FEATURES 

• I/O propagation delays 

- 10ns (worst case) 

• Functional superset of 20L10 and most 
other 24-pin combinatorial PAL devices 

• Two programmable arrays 

- Supports 32 input wide OR functions 

• 12 inputs 

• 10 bi-directional I/O 

• 42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation: 850mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 


PIN CONFIGURATIONS 




N Package 




K> [7 


EJvcc 


11 [T 


23] B9 



12 [7 


22) 88 



13 [T 


|T] B7 



14 [5 


X} B6 



IS [F 


«] B5 



16 (T 


18] B4 



17 [F 


m 83 



18 (¥ 


16] B2 



19 [To 


jU B1 



no ^7 


14] BO 


GND (TS 


«] 111 


N - Plastic Dual In-Line (300mil-wide) 




A Package 




13 12 11 10 v cc B9 B8 

\*\ fai ei rn n n E3 


NC[5 

/ 

• 


25] NC 

M H 




24] B7 

15 [T 




23) B6 

16 |T 




22) B5 

17 Q[ 




2?] B4 

18 Qo 




20] B3 

nc QT 




19] NC 


11*1 |13| |14| |1S| |16] I1ZI |18| 
19 110 GND HI BO B1 B2 


A = Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

tpo (MAX) 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual In-Line 300mi!-wide 

10ns 

PLUS173-10N 

041 0D 

28-Pin Plastic Leaded Chip Carrier 

10ns 

PLUS173-10A 

0401 F 


OPAL is a registered trademark of Advanced Micro Devices Corporation. 
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Philips Semiconductors Programmable Logic Devices 

Product specification 

Programmable logic array 
(22x42x 10) 

PLUS1 73-10 



ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATING 

UNIT 

Min 

Max 

V CC 

Supply voltage 


+7 

V DC 

V|N 

Input voltage 


+5.5 

Vdc 

V OUT 

Output voltage 


+5.5 

Vdc 

l|N 

Input currents 

-30 

+30 

mA 

l0UT 

Output currents 


+100.0 

mA 

Tamb 

Operating free-air temperature range 

0 

+75 

°C 

T s tg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x10) 


PLUS1 73-10 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75 < V CC < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V|L 

Low 

V cc = MIN 

■ 


0.8 

V 

V|H 

High 

V cc = MAX 

| 



V 

Vic 

Clamp 

V cc = MIN, l, N = -12mA 

1 

-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 

■ 




VoL 

Low 4 

Iol = 15mA 

1 

0.4 

0.5 

V 

V OH 

High 5 

Iqh = -2mA 

■9 

2.9 


V 

Input current 9 

mm 


V cc = MAX 

mu 





Low 

V| N = 0.45V 

■ ■ 

-20 

-100 

pA 

hh 

High 

V IN = v cc 

HI 

1 

40 

pA 

Output current 



V cc = MAX 





lo(OFF) 

Hi-Z state 8 

Vout = 2.7V 


0 

80 

pA 



V 0U T = 0.45V 


-15 

-140 


•os 

Short circuit 3 ’ 5> 6 

Vout = 0V 

-15 

-30 

-70 

mA 

Icc 

Vcc supply current 7 

Vcc = MAX 


170 

210 

mA 

Capacitance 



Vcc = 5 V 

mu 




1 IN 

Input 

V| N = 2.0V 

1 

8 


pF 

C B 

I/O 

V 8 = 2.0V 


15 

| 

pF 


NOTES: 

1 . All typical values are at V C c = 5V, T arTt , = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with inputs 10 - 14 = 0V, inputs 15 - 19 = 4.5V, 111 = 4.5V and 110 = 10V. For outputs B0- B4 and for outputs B5 - B9 appiy the 
same conditions except 111 =0V. 

5. Same conditions as Note 4 except input 111 = +1 0V. 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with inputs 10-111 and B0 - B9 = 0V. Part in Virgin State. 

8. Leakage values are a combination of input and output leakage. 

9. I|l and l| H limits are for dedicated inputs only (10-111). 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x10) 


PLUS1 73-10 


AC ELECTRICAL CHARACTERISTICS 

0°C < Tamb < +75°C, 4.75 < V CC ^ 5.25V, R, = 3000, R 2 = 3900 






TEST 

LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITION 

wrwrn 

TYP 

MAX 

UNIT 

tpD 

Propagation Delay 2 

Input +/- 

Output +/- 

C L = 30pF 


8 

10 

ns 

tOE 

Output Enable 1 

Input +/- 

Output - 

C L = 30 pF 


8 

10 

ns 

too 

Output Disable 1 

Input +/- 

Output + 

C L = 5pF 


8 

10 

ns 


NOTES: 

1. For 3-State outputs; output enable times are tested with Cl = 30pF to the 1.5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h -0.5V) with S-, open, and Low-to-High impedance tests are made to the Vt = (V 0 l + 0.5V) level with S, closed. 

2. All propagation delays are measured and specified under worst case conditions. 


VOLTAGE WAVEFORM 



TEST LOAD CIRCUIT 



TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL 

PARAMETER 

*PD 

Propagation delay between 
input and output. 

too 

Delay between input change 
and when output is off (Hi-Z 
or High). 

tOE 

Delay between input change 
and when output reflects 
specified output level. 




£ 15V > 

K 1 - 5 * > 

ei.sv 





B 


tKvt 

■\| V °H 

L VoL 

*oe r*~ 


*-tpD“*i 

*-tQD ““"I -*■ 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22x42x10) 


PLUS1 73-10 


LOGIC PROGRAMMING 

The PLUS173-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLUS1 73-10 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS173-10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 



AND ARRAY - (I, B) 



OR ARRAY -(B) 



1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P n , D n . 

2. Any gate P n , D n will be unconditionally inhibited if both the true and complement of any input 
(I, B) are left intact. 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1 . All outputs are at “H” polarity. 

2. All P n terms are disabled. 

3. All P n terms are active on all outputs. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


PLUS1 73-10 


Programmable logic array 
(22x42x 10) 


PLA PROGRAM TABLE 

POLARITY 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic array 
(22 x 42 x 10) 


PLUS1 73-10 


SNAP RESOURCE SUMMARY DESIGNATIONS 


P31 PO Dq D9 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(1 6 x 48 x 8) 


PLS100/PLS101 


DESCRIPTION 

The PLS100 (3-State) and PLS101 (Open 
Collector) are bipolar, fuse Programmable 
Logic Arrays (PLAs). Each device utilizes the 
standard AND/OR/Invert architecture to 
directly implement custom sum of product 
equations. 

Each device consists of 16 dedicated inputs 
and 8 dedicated outputs. Each output is 
capable of being actively controlled by any or 
all of the 48 product terms. The True, 
Complement, or Don't Care condition of each 
of the 16 inputs and be ANDed together to 
comprise one P-term. All 48 P-terms can be 
selectively ORed to each output. 

The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collector or 
3-State outputs for ease of expansion of 
product terms and application in 
bus-organized systems. 

Order codes are listed in the Ordering 
Information Table. 


FEATURES 

• Field-programmable (Ni-Cr link) 

• Input variables: 16 

• Output functions: 8 

• Product terms: 48 

• I/O propagation delay: 50ns (max.) 

• Power dissipation: 600mW (typ.) 

• Input loading: -lOOpA (max.) 

• Chip Enable input 

• Output option: 

- P LSI 00: 3-State 

- PLS101: Open-Collector 

• Output disable function: 

- 3-State: Hi-Z 

- Open-Collector: High 

APPLICATIONS 

• CRT display systems 

• Code conversion 

• Peripheral controllers 

• Function generators 

• Look-up and decision tables 

• Microprogramming 

• Address mapping 

• Character generators 

• Data security encoders 

• Fault detectors 

• Frequency synthesizers 

• 16-bit to 8-bit bus interface 

• Random logic replacement 


PIN CONFIGURATIONS 



N Package 


FE*H 


i] v cc 

17 U 


27] 18 

16 [1 


m 19 

is [T 


25] no 

14 [T 


24] 111 

13 [T 


23 ] 112 

12 |T 


H] 113 

n [F 


fj] 114 

io [£ 


20] 115 

F7 [jo 


19] CE 

F6 [jT 


18] F0 

F5 [l2 


17] FI 

F4 


16] F2 

GND [M 


is] F3 


* Fuse Enable Pin: It is recommended that this pin 
be left open or connected to ground during normal 
operation. 

N » Plastic DIP (600mil-wide) 


A Package 


15 16 17 FE Vqc 18 19 



A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

3-STATE 

OPEN COLLECTOR 

DRAWING NUMBER 

28-Pin Plastic Dual In-Line 600mil-wide 

PLS100N 

PLS101N 

041 3D 

28-Pin Plastic Leaded Chip Carrier 

PLS100A 

PLS101A 

0401 F 
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Philips Semiconductors Programmable Logic Devices 


Programmable logic arrays 
(16x48x8) 


Product specification 


PLS100/PLS101 



ggaiiiiiiiiiiiiiiiBiiiiiiigiiiiin 



I I I I I I MINIM 


(LOGIC TERMS-P) - 

II II II II II I I I 


I II I II I II I 


mmmmmmmmmmmmmmmmmmmmmmmm 


mmmmmmmmm 

mmmmmmmmm 


Ill!l!lBillliii^llllillBlllllll«llllliBilll!II 
IliiiiHiliiliBilillliBliiiiliHilliiiRliiiiil 

lliilliSlIililiKiiiiiiililillllliiiliiilliiliii 

■iiiiiiiHiiiiiiiHiiiiiiaiiiiiiiBiiiiiiiaiiiiiii 

■liiiiiiaiiiiiiiBiiiiiiiaiiiiiiiBiiiiiiiBiiiiiii 
iiiiiiiiaiiiiiiiBiiiiiiiaiiiiiiiBiiiiiiiaiiiiiii 

lllilllillliiillllllillilillilliiliiiilillllillllilll 

^ mimi ^ t ;4mawf r i 

Slililii&iliilSiiiiililliiiiiiliiilKiiSiiiiill 
mmwmMmmmmmmmm i ammmmmamwmmm 

lYiYiViVZv^^^ I I 

■■lllllllllllllt (1 111:11 1 Wm 

IliliiillliliiliHiillilHlliiiBliilliiHlllillHgGii 


* — 0 
Lil 
0 


• 40 39 •• ••••32 31 •••••• 24 23* ••••• 1615* « • • • • 8 ?•••••• 


®6 | I 1 

p>-4 — 0 

i m 


NOTES: 

1 . All AND gate inputs with a blown link float to a logic "1 

2. All OR gate inputs with a blown fuse float to logic “0“. 

3. iS: Programmable connection. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(16x48x8) 


PLS100/PLS101 


FUNCTIONAL DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Vcc 

Supply voltage 

+7.0 

Vdc 

V|N 

Input voltage 

+5.5 

v dc 

Vo 

Output voltage 

+5.5 

Vdc 

•in 

Input current 

+30 

mA 

•out 

Output current 

+100 

mA 

Tan* 

Operating temperature range 

0 to +75 

°C 

Tstg 

Storage temperature range 

-65 to +150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other conditions above 
those indicated in the operational and programming specification of the device is not 
implied. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


The PLS1 00 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Philips 
Semiconductors Military Data Handbook. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(16x48x8) 


PLS100/PLS101 


DC ELECTRICAL CHARACTERISTICS 

0°C £ Tan* S +75°C, 4.75V $ Vcc ^ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

UMITS 

UNIT 

SKallZIH 

TYP 1 

MAX 

Input voltage 2 

V| H 

High 

Vcc = MAX 




V 

V, L 

Low 

Vcc = MIN 



0.8 

V 

Vic 

Clamp 3 

V cc = MIN, Iin = -1 2mA 


-0.8 

-1.2 

V 

Output voltage 2 



Vcc = MIN 





VOH 

High (PLS100) 4 

Ioh = —2mA 




V 

V OL 

Low 5 

Iql — 9.6mA 


0.35 

0.45 

V 

Input current 

IlH 

High 

V| N = 5.5V 


< 1 

25 

pA 

IlL 

Low 

V| N = 0.45V 


-10 

-100 

pA 

Output current 

lo(OFF) 

Hi-Z state (PLS100) 

CE = High, V cc = MAX 







V 0UT = 5.5V 


1 

40 

pA 



Vout = 0.45V 


-1 

-40 

pA 

•os 

Short circuit (PLS100) 3 - 6 

CE = Low, Vout = 0V 

-15 


-70 

mA 

•cc 

Vcc supply current 7 

Vcc = MAX 


120 

170 

mA 

Capacitance 



CE = High, Vcc = 5.0V 






Input 

V| N = 2.0V 


8 


pF 


Output 

Vout = 2.0V 


17 


PF 


NOTES: 

1. All typical values are at Vcc = 5V, T airt) = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one pin at a time. 

4. Measured with Vil applied to CE and a logic high stored. 

5. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor 
to Vcc- 

6. Duration of short circuit should not exceed 1 second. 

7. Ice is measured with the Chip Enable input grounded, all other inputs at 4.5V and the outputs open. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(16x48x8) 


PLS100/PLS101 


AC ELECTRICAL CHARACTERISTICS 

0°c < Tamb < +75°C, 4.75 < V cc < 5.25V, R, = 470Q, R 2 = IkO 


SYMBOL 

PARAMETER 

TO 

FROM 

UMITS 

UNIT 


TYP 1 

MAX 

Propagation delay 2 

tpD 

input 

Output 

Input 


35 

50 

ns 

Ice 

Chip Enable 3 

Output 

Chip Enable 


15 

30 

ns 

Disable time 

<CD 

Chip Disable 3 

Output 

Chip Enable 


15 

30 

ns 


NOTES: 

1 . All typical values are at Vcc = 5V. = +25°C. 

2. All propagation delays are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with C L = 30pF to the 1 .5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vt = (V OH -0.5V) with S t open, and Low-to-High impedance tests are made to the Vj = (Vql + 0.5V) level with Si closed. 


VOLTAGE WAVEFORMS 



TEST LOAD CIRCUIT 



Ci and C2 are to bypass Vcc to GND. 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL 

PARAMETER 

tCE 

Delay between beginning of 
Chip Enable Low (with Input 
valid) and when Data Output 
becomes valid. 

tco 

Delay between when Chip 
Enable becomes High and 
Data Output is in off state 
(Hi-Z or High). 

tPD 

Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(16x48x8) 


PLS100/PLS101 


LOGIC PROGRAMMING 

PLS100/PLS101 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP, Data I/O Corporation’s ABEL™ and 
Logical Devices Inc.'s CUPL™ design 
software packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS100/PLS101 logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors' SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The sumbols for TRUE, 


COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this dat handbook for 
additional informational. 


OUTPUT POLARITY - (F) 



NOTES: 


1. This is the initial unprogrammed state of all links. It is normally associated with all unused 
(inactive) AND gates P n . 

2. Any gate P n will be unconditionally inhibited if any one of its (I) link pairs is left intact. 


VIRGIN STATE 

The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 

1 . All P n terms are disabled (inactive) in the 
AND array. 

2. All P n terms are active in the OR array. 

3. All outputs are Active-High. 

ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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CUSTOMER NAME 

PURCHASE ORDER # 

PHILIPS DEVICE # 

CUSTOMER SYMBOLIZED PART #_ 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE # 


VARIABLE §2 
NAME 


INPUT VARIABLE 


PROGRAM TABLE ENTRIES 


OUTPUT FUNCTION 


OUTPUT ACTIVE LEVEL 



Prod. Term 
Present in Fp 


NOTE 

Enter (-) for unused inputs 
of used P -terms. 


Prod. Term Not 
Present in Fp 


• (period) 


NOTES 

1 . Entries independent of output polarity. 

2. Enter (A) for unused outputs of used P-terms. 



NOTES 

1 . Polarity programmed once only. 

2. Enter (H) for all unused outputs. 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic arrays 
(16x48x8) 


PLS100/PLS101 
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Programmable Logic Devices 


Section 5 

Programmable Logic Sequencer 
Devices 


CONTENTS 

PLS155 Programmable logic sequencer (16 x 45 x 12); 14MHz 237 

PLS157 Programmable logic sequencer (16 x 45 x 12); 14MHz 249 

PLS159A Programmable logic sequencer (16 x 45 x 12); 18MHz 261 

PLS167/A Programmable logic sequencer (14 x 48 x 6); 14, 20MHz 273 

PLS168/A Programmable logic sequencer (1 2 x 48 x 8); 14, 20MHz 285 

PLS179 Programmable logic sequencer (20 x 45 x 12); 18MHz 297 

PLC42VA12 CMOS programmable multi-function PLD (42 x 105 x 12); 25MHz 309 

PLC415-16 CMOS programmable logic sequencer (17 x 68 x 8); 16MHz .. 329 

PLS105/A Programmable logic sequencer (16 x 48 x 8); 14, 20MHz 348 

PLUS105-45 Programmable logic sequencer (16 x 48 x 8); 45MHz 360 

PLUS105-55 Programmable logic sequencer (16 x 48 x 8); 55MHz 373 

PLUS105-70 Programmable logic sequencer (16 x 48 x 8); 70MHz 386 

PLUS405-37/-45 Programmable logic sequencer (16 x 64 x 8); 37, 45MHz 399 

PLUS405-55 Programmable logic sequencer (16 x 64 x 8); 55MHz 415 




Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x45x12) 


PLS155 


DESCRIPTION 

The PLS155 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “fold-back" inverting buffer and 
control gate F c . It features 4 registered I/O 
outputs (F) in conjunction with 8 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(£). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
Q) or Complement (T, "B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the AND gates can 
drive the J-K inputs of all flip flops. The 
Asynchronous Preset and Reset lines (P, R), 
are driven from the OR matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 

The PLS155 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are listed below. 


FEATURES 

• Wx = 14MHz 

- 18.2MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 8 bidirectional I/O lines 

• 4 bidirectional registers 

• J-K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Input loading: -IOOjxA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• 3-State outputs 

APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 


PIN CONFIGURATIONS 


N Package 



A Package 

K> CLKV CC B7 


t± 

/ 5 

TU B6 

n 


i3 F3 

E 


21 FZ 

H 


?! Fl 

GE 


I] BO 


B3 GND OE B 4 BS 

A - Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual In-Line Package (300mil-wide) 

PLS155N 

0408 D 

20-Pin Plastic Leaded Chip Carrier 

PLS155A 

0400E 
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Programmable logic sequencer 
(16x45x12) 


PLS155 


LOGIC DIAGRAM 


Philips Semiconductors Programmable Logic Devices 


Product specification 


(LOGIC TERMS-T) 


(CONTROL TERMS) 


NOTES: 

t . All OR gate Inputs with a blown link float to logic "0". 

2. All other gates and control Inputs with a blown link float to logic “1". 

3. ® denotes WIRE-OR. 

4. ^ Programmable connection. 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 

L L D 



FLIP-FLOP TRUTH TABLE 


OF 

>- 

CK 

P 

R 

J 

K 

Q 

F 

H 



Hi-Z 

L 

X 

X 

H 

L 

X 

X 

H 

L 

L 

X 

X 

L 

H 

X 

X 

L 

H 

L 

L 

T 

L 

L 

L 

L 

Q 

O 

L 

L 

T 

L 

L 

L 

H 

L 

H 

L 

L 

T 

L 

L 

H 

L 

H 

L 

L 

L 

T 

L 

L 

H 

H 

0 

Q 

H 

H 

T 

L 

L 

L 

H 

L 

H* 

H 

H 

T 

L 

L 

H 

L 

H 

L* 

+10V 

X 

t 

X 

X 

L 

H 

L 

H** 


X 

T 

X 

X 

H 

L 

H 

L** 


NOTES: 

1 . Positive Logic: 

J-K = To + T) + T2 T31 

= O- (lo ■ li • I2 ...) • (Qo • Qi ••■) • 

(Bo ■ ■ ...) 

2. T denotes transition from Low to High level. 

3. X = Don’t care 

4. * = Forced at F n pin for loading the J-K 
flip-flop in the Input mode. The load 
control term. L n must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, Q = H. The final state of Q 
depends on which is released first. 

6. * * = Forced at F n pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 
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VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1 . OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


NOTE: 

Similar logic functions are applicable for D 
and T mode flip-flops. 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Min 

Max 

Vcc 

Supply voltage 


+7 

Vdc 

V|N 

Input voltage 


+5.5 

Vpc 

VOUT 

Output voltage 


+5.5 

Vdc 

•in 

Input currents 

-30 

+30 

mA 

•out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

. Ts1 9 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75 °C 


LOGIC FUNCTION 


03 

02 

QI 

00 


H 

0 

H 

STATE REGISTER 

"-x 

0 

0 

0 

0 


Sfj j PRESENT STATE 
SBC-... 

(S„ + i) NEXT STATE 


SET Qq : Jq = (Q3 - O2 ' • do) * S * B * C . . . 

Ko=0 

RESET =0 

K) = <03- O2 ‘ Qi ‘ Qd) • S • B ■ C . . . 

HOLD Q2: J2 = 0 
K 2 =0 

TOGGLE Q3: J3 = (O3 • O2 " Qi * tJo) " S - B • C . . . 

K3 = <03- O2 ‘ Qi ‘ Qq) ‘ S • B • C . . . 
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DC ELECTRICAL CHARACTERISTICS 

0°C s Tamb £ +75°C, 4.75V $ Vcc £ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 


TYP 1 

MAX 

| Input voltage 2 

V, H 

High 

V CC = MAX 




mm 

VlL 

Low 

Vcc = MIN 

ins 


0.8 

I 

Vic 

Clamp 

Vcc = MIN, l|^ = —12mA 


-0.8 

-1.2 


| Output voltage 2 



Vcc = MIN 

■ 


| 



High 

Ion = —2mA 

i 



V 

EH 

Low 

Iol = 10mA 

■ 

0.35 



| Input current 5 



V cc = MAX 





IlH 

High 

V, N = 5.5V 


<1 

80 

pA 

l|L 

Low 

V| N = 0.45V 


-10 

-100 

pA 

Output current | 



V cc = MAX 





•o<OFF) 

Hi-Z state 5 - 6 

Vout = 5.5V 


1 

80 

pA 



V 0 UT = 0.45V 


-1 

-140 

pA 

•os 

Short circuit 3 - 7 

Vout = 0V 

-15 


-70 

mA 

•cc 

V C c supply current 4 

V cc = MAX 


150 

190 

mA 

Capacitance | 

■ 


Vcc = 5.0V 



■ 

| 

I 

Input 

V| N = 2.0V 

1 1 

8 


KB 


Output 

Vqut = 2.0V 


15 

| 

— 


NOTES: 

1. All typical values are at V C c = 5V, Tar* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Ice is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 

5. Leakage values are a combination of input and output leakage. 

6. Measured with Vih applied to OE. 

7. Duration of short circuit should not exceed 1 second. 
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AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V < V^ < 5.25V, R, =470n, R 2 = 1 kO 


SYMBOL 


Pulse width 


PARAMETER 



tCKO 

Clock 

CK + 

F ± 

C L = 30pF 

tOEl 

Output enable 3 

UE- 

F- 

C L = 30pF 

foot 

Output disable 3 

OE + 

F + 

C L = 5pF 

fpD 

Output 

(I.B)± 

B± 

C L = 30pF 

tOE2 

Output enable 3 

(I.B) + 

B± 

C L = 30pF 

*002 

Output disable 3 

(I.B) - 

B + 

C L = 5pF 

fpRO 

Preset/Reset 

(I.B) + 

F ± 

C L = 30pF 


25 

30 

ns 

20 

30 

ns 

20 

30 

ns 

40 

50 

ns 

35 

55 

ns 

30 

35 

ns 

50 

55 

ns 



NOTES: 

1 . All typical values are at Vcc = 5V, T atT t = +25°C. 

2. To prevent spurious clocking, clock rise time (10% - 90%) < 1 0ns. 

3. For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L = 5pF. High-to-High impedance tests are made to an output 
voltage of Vp = (Voh - 0.5V) with St open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

4. When using the Complement Array tc«p = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

6. For test circuits, waveforms and timing diagrams see the following pages. 


VOLTAGE WAVEFORMS 


TEST LOAD CIRCUIT 



-J 5ns 1* *R 



■k- -4 


MEASUREMENTS: 

All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



October 22, 1993 


242 





















































































































































Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x45x12) 


PLS155 


TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

*CKH 

Width of input clock pulse. 

*CKL 

Interval between clock pulses. 

fcKP 

Clock period. 

*PRH 

Width of preset input pulse. 

tisi 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|S2 

Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

*IH1 

Required delay between 
positive transition of clock and 
end of valid input data. 

t|H2 

Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

*CKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 

Ioei 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

lODI 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

IpD 

Propagation delay between 
combinational inputs and 
outputs. 

tOE2 

Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 

f0D2 

Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 

*PRO 

Delay between positive 
transition of predefined 
Preset/Reset input, and 
when flip-flop outputs become 
valid. 
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(16x45x12) 


TIMING DIAGRAMS (Continued) 



1.5V 


* The leading edge of preset/reset must occur only when the Input clock is "low", and must remain "high" as long as 
required to override clock. The falling edge of preset/reset can never go “low" when the input clock is "high". 


Asynchronous Preset/Reset 


(LOAD SELECT) A 1SV 







Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

The PLS155 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips' Semiconductors 
SNAP, Data I/O Corporation's ABEL™ and 
Logical Devices Inc.'s CUPL™ design 
software packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS155 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 


COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


“AND” ARRAY - (I), (B), (Qp) 


I, B, QO- 




I.B.Q 

7.6,0 


9 


(T,F C .l,P,R,D) n 


STATE 


INACTIVE 1 ’ 2 

1 ° 1 



I, B, QO- 




I.B.Q 

7,6,0 


9 


(T, Fc. L, P, R, D)n 


STATE 


1, B, 0 

nn 


I, B, QO- 


-c 


I, B, Q 

7,6,0 


9 


(T, FcLP.R, D)„ 


STATE 

JBM 

7,6,0 

m 


l,B,QO- 


£ 


, B.Q 

. 6,0 


9 


<T,F C ,LP,R,D) n 


STATE 


DON'T CARE 

M 



“COMPLEMENT” ARRAY - (C) 


I 


L <Jr 


ti 


(T„, F C ) 


ACTION 

CODE 

INACTIVE 1 ’ 3 ’ 5 

0 


i — 






(Tn. F C ) 


| ACTION 

CODE 


A 


I 






(Tn.F C ) 


ACTION 

CODE 

PROPAGATE 

• 


c{> 


L ~dr 




On. F C ) 


ACTION 

CODE 

TRANSPARENT 

- 


“OR” ARRAY - (F-F CONTROL MODE) 



ACTION 

CODE 

J-KORD 

(CONTROLLED) 

A 


ACTION 

CODE 

J-K 

• 


Notes on following page. 
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Programmable logic sequencer 
(16x45x12) 







NOTES: 

1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Fc, L, P, R, D) n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n> F c . 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of “OR" array links. 
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PROGRAM TABLE 


AND 



INACTIVE I 

O 


1, B, Q 1 

H 


T.B.O ! 

L 


DON'T CARE 1 

_ 




INACTIVE f 

o 


GENERATE 1 

A 


PROPAGATE 1 

• 


TRANSPARENT 1 

_ 




I. B(l). 
Q(P) 


o 

m 

5 

> 

O) 

cc 

Ul 

s 

o 


o 


w 

3 

o 


o 

UJ 

> 

111 

o 

LU 

CC 

111 

s 

Q 


UJ 


V) 

3 

O 


(C 

UJ 

Q 

CC 

0 
UJ 
CO 
< 

1 

o 

cc 

3 

Q. 


UJ 

y 

> 

UJ 

3 

CO 

O 


CC 

£ 

LL 

o 

cc 

UJ 

m 

5 

3 


UJ 

z 

o 

CO 


2 

p 


OR i CONTROL l NOTES 


TOGGLE 

o 

SET 

H 

RESET 

L 

HOLD 

- 


(Q = J/K) 


ACTIVE i 

A 

P, R, B(O) 

J/K 1 • 

INACTIVE 1 

• 1 

| (Q - D) | 

J/K or D | A 



1 

(controlled) | 


(POL) 


“I 


IDLE ' 

0 

controlI 

A 

ENABLE 1 

• 

DISABLE 1 

- 


Ea,B 


1. The device is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin links 
exists in the table, shown BLANK for clarity. 

2. Program unused C, I, B, and Q bits in the AND array as (-). 
Program unused Q, B, P, and R bits in the OR array as (-) 
or (A), as applicable. 

3. Unused Terms can be left blank. 

4. Q (P) and Q (N) are respectively the present and next states 
of flip-flops Q. 


El 

E9 




POLARITY 
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DESCRIPTION 

The PLS157 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “fold-back" inverting buffer and 
control gate Fc. It features 6 registered I/O 
outputs (F) in conjunction with 6 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(U). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
Q) or Complement (T, B, O, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates drives bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. The 
Asynchronous Preset and Reset lines (P, R), 
are driven from the AND array for 4 of the 8 
registers. The Preset and Reset lines (P, R) 
controlling the lower four registers are driven 
from the OR matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 

The PLS157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are listed below. 


FEATURES 

• Wx = 14MHz 

- 18.2MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 
•32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 6 bidirectional I/O lines 

• 6 bidirectional registers 

• J-K, T, or D-type flip-flops 

• 3-State outputs 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Input loading: -100pA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 


PIN CONFIGURATIONS 



N Package 


CLK [T 


M] Vcc 

io [T 


2»1 85 

n [7 


ll] F5 

12 [T 


17] F4 

13 [T 


16] F3 

BO [7 


if] F2 

B1 [F 


m] Fl 

B2 (¥ 


«] FO 

B3 [T 


jU B4 

GND [jo 


iD OE 


N » Plastic Dual In-Line Package (300mil-wide) 

A Package 
II 10 CLKV CC B5 


71 [7] m Eol N 


m 



Hi 



BO [7 


h6] F3 



HI 

B2 [7j 


[14] FI 


[9j [10] [llj [I2j [13] 


B3 GND OHB4 FO 

A * Plastic Leaded Chip Carrier 


APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual In-Line Package (300mil-wide) 

PLS157N 

0408B 

20-Pin Plastic Leaded Chip Carrier 

PLS157A 

0400E 


October 22, 1993 


249 


853-0318 11164 
















Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x45x12) 


PLS157 




October 22, 1993 


250 






Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x45x 12) 


PLS157 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) (CONTROL TERMS) 



VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1 . OE is always enabled. 

2. Preset and Reset are always disabled. 


3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


LOGIC FUNCTION 


03 

02 

Q1 

qo 

E 

E 

□ 

□ 

STATE REGISTER 



□ 

□ 

E 

□ 


Sr ) PRESENT STATE 
ABC... 

(S n + 1 J NEXT STATE 


SET Qq: Jq a (Q3 * Q2 ' Qi ■ Oo) 1 S' B* C.. . 

Ko = 0 

RESET 0 ^ = 0 

K-j = (03" 0 2 ' ^1 * ^0) ’S'B' C . . . 

HOLDQ 2 :J 2 = 0 
K 2 -0 

TOGGLE Q3: J3 - (Q3 ■ ^2 * Qi ' Qq) 'S'B'C... 

K3 = (Q3 - XS2 • Q-j • Oo) ' A ' B • C . . . 


NOTE: 

Similar logic functions are applicable for D 
and T mode flip-flops. 
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FLIP-FLOP TRUTH TABLE 


OE 

L 

CK 

P 

R 

J 

K 

Q 

F 

H 



Hi-Z 

L 

X 

X 

H 

L 

X 

X 

H 

L 

L 

X 

X 

L 

H 

X 

X 

L 

H 

L 

L 

T 

L 

L 

L 

L 

Q 

a 

L 

L 

T 

L 

L 

L 

H 

L 

H 

L 

L 

T 

L 

L 

H 

L 

H 

L 

L 

L 

T 

L 

L 

H 

H 

a 

Q 

H 

H 

T 

L 

L 

L 

H 

L 

H* 

H 

H 

T 

L 

L 

H 

L 

H 

L* 

+10V 

X 

T 

X 

X 

L 

H 

L 

H** 


X 

T 

X 

X 

H 

L 

H 

L** 


NOTES: 

1. Positive Logic: J-K = Jo +T, + T 2 T 3 i 

T n = (In ■ h • I2 ...) • (Q 0 ■ Qi ...) • (Bo • B 1 • ...) 

2. T denotes transition from Low to High level. 

3. X = Don't care 

4. * = Forced at F n pin for loading the J-K flip-flop in the Input mode. The load control term, L n 
must be enabled (HIGH) and the p-terms that are connected to the associated flip-flop must 
be forced LOW (disabled) during Preload. 

5. At P = R = H, Q = H. The final state of Q depends on which is released first. 

6. * * = Forced at F n pin to load J-K flip-flop independent of program code (Diagnostic mode), 
3-State B outputs. 


ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 


MAX 

Vcc 

Supply voltage 


+7 

Vdc 

V|N 

Input voltage 


+5.5 

Vdc 

VoUT 

Output voltage 


+5.5 

Vdc 

•iN 

Input currents 

-30 

+30 

mA 

•out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 

0°c 5 Tan* 2 +75°C, 4,75V £ Vcc £ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

V|H 

High 

V cc = MAX 




V 

V|L 

Low 

Vcc = MIN 

II 


0.8 

V 

Vic 

Clamp 

Vcc = MIN, l| N = -12mA 

m 

-0.8 

-1.2 

V 

Output voltage 2 



Vcc = MIN 

■ ■ 


mm 


V 0 H 

High 

Iqh = -2mA 

1 1 


ill 

V 

VoL 

Low 

Iql = 10mA 


0.35 


V 

Input current 

IlH 

High 

Vin = 5.5V 

■ 

<1 

80 

pA 

l|L 

Low 

Vin = 0.45V 


-10 

-100 

pA 

Output current 



V cc = MAX 





lo(OFF) 

Hi-Z state 5 - 6 

Vout = 5.5V 


1 

80 

pA 



Vout = 0.45 V 


-1 

-140 

pA 

los 

Short circuit 3 - 7 

V OU T=0V 

-15 


-70 

mA 

•cc 

V C c supply current 4 

V cc = MAX 


150 

190 

mA 

Capacitance 

I 


Vcc = 5.0V 

■ 


■ ■ 


E1h|£ 

Input 

V| N = 2.0V 

1 

8 

1 

PF 

1 

Output 

Vqut = 2.0V 


15 


PF 


NOTES: 

1 . All typical values are at Vcc = 5V, T a(T * = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Icc is measured with the T5E input grounded, all other inputs at 4.5V and the outputs open. 

5. Leakage values are a combination of input and output leakage. 

6. Measured with V| H applied to OE 

7. Duration of short circuit should not exceed 1 second. 
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AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75 °C, 4.75V < Vcc £ 5.25V, R, =4 70S}, R 2 = 1 kSi 


SYMBOL 


Pulse width 


PARAMETER 


TEST CONDITION 


*CKH 

Clock 2 High 

CK + 

CK- 

C L = 30pF 

25 

20 

fcKL 

Clock Low 

CK- 

CK + 

C L = 30pF 

30 

20 

tCKP 

Period 

CK + 

CK + 

C L = 30pF 

70 

50 

tpRH 

Preset/Reset pulse 

(LB) - 

(LB) + 

C L = 30pF 

40 

30 

| Setup time 5 

l IS1 

Input 

(l,B)± 

CK + 

C{_ = 30pF 

40 

30 

t|S2 

Input (through F„) 

F ± 

CK + 

Cl = 30pF 

20 

10 

t|S3 

Input (through 

Complement Array) 4 

(LB) ± 

CK + 

C L = 30pF 

65 

40 

| Hold time 

l IH1 

Input 

(LB)’ ± 

CK + 

C L = 30pF 

0 

-10 

t|H2 

Input 

F ± 

CK + 

C L = 30pF 

15 

10 



Propagation delays 


tCKO 

Clock 

+ 

* 

o 

F ± 

C L = 30pF 

tOEl 

Output enable 3 

OE- 

F- 

C L = 30pF 

•ODI 

Output disable 3 

OE + 

F + 

C L = 5pF 

IpD 

Output 

(LB) ± 

B± 

C L = 30pF 

*OE2 

Output enable 3 

(LB) + 

B ± 

C L = 30pF 

*002 

Output disable 3 

(LB) - 

B + 

C L = 5pF 

IpRO 

Preset/Reset 

(LB) + 

F + 

C L = 30pF 



25 

30 

ns 

20 

30 

ns 

20 

30 

ns 

40 

50 

ns 

35 

55 

ns 

30 

35 

ns 

50 

55 

ns 



NOTES: 

1 . All typical values are at V C c = 5V, T arrto = +25°C. 

2. To prevent spurious clocking, clock rise time (1 0% - 90%) < 1 0ns. 

3. For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and S, is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 

voltage of Vt = (Voh - 0.5V) with St open, and Low-to-High impedance tests are made to the Vt = (Vol + 0.5V) level with St closed. 

4. When using the Complement Array tcKP = 95ns (min). 

5. Limits are guaranteed with 1 2 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS 


TEST LOAD CIRCUIT 
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TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

tCKH 

Width of input clock pulse. 

tCKL 

Interval between clock pulses. 

fcKP 

Clock period. 

tpRH 

Width of preset input pulse. 

*IS1 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|S2 

Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

t|H1 

Required delay between 
positive transition of clock and 
end of valid input data. 

t|H2 

Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

tCKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 

OF Low). 

10E1 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

*OD1 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

l PD 

Propagation delay between 
combinational inputs and 
outputs. 

toE2 

Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 

k)D2 

Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 

tpRO 

Delay between positive 
transition of predefined 
Preset/Reset input, and 
when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 


PRESET RESET 
(I, B INPUTS)” 



* The leading edge of preset/reset must occur only when the input dock is "low”, and must remain “high” as l 
required to override dock. The falling edge of preset/reset can never go "low" when the input clock is "high”. 

Asynchronous Preset/Reset 


(LOAD SELECT) A 1.5V 


(FORCED Din) ^ 1.5V 
*■ *fS2 -•+*- «IH2“* 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING PLS157 logic designs can also be generated 

The PLS1 57 is fully supported by industry using the program table entry format detailed 
standard (JEDEC compatible) PLD CAD on following pages. This program table 

tools, including Philips Semiconductors' entry format is supported by the Philips 

SNAP, Data I/O Corporation’s ABEL™ and Semiconductors SNAP PLD design software 
Logical Devices Inc.'s CUPL™ design package only. 

software packages. y 0 implement the desired logic functions, the 

All packages allow Boolean and state state of each logic variable from logic 

equation entry formats. SNAP, ABEL and equations (I, B, O, P, etc.) is assigned a 
CUPL also accept, as input, schematic symbol. The symbols for TRUE, 

capture format. 


“AND” ARRAY - (I), (B), (Qp) 





Notes on following page. 


COMPLEMENT, INACTIVE. PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Fq, L, P, R, D) n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fc. 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of “OR” array links. 
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lnssauEii 


INACTIVE 

ma\ 

GENERATE 

PROPAGATE 

zq 

TRANSPARENT 



— — i 


|E^!1D| 


RESET I L 


J/KorD | A 
(conf oiled) I 


F/F . 

MODE | IDLE 


CONTROLl A 
ENABLE i ■ 
DISABLE 1 - 


l NOTES 

1 1 . The device is shipped with all links intact. Thus a back- 
| ground of entries corresponding to states of virgin links 
j exists in the table, shown BLANK for clarity. 

I 2. Program unused C, I, B, and Q bits in the AND array as 
' (-). Program unused Q, B, P, and R bits in the OR array 

I as (-) or (A), as applicable. 

I 3. Unused Terms can be left blank. 

| 4. Q (P) and Q (N) are respectively the present and next 
I states of flip-flops Q. 




□□□□□□□□HU □□□HDD 


* % 
I DC m 

W US O 

5 Q Sr 

c 111 m 


3 


□□□□□DDDDDDDDD 



HHflfi DECODE DQDDEE § 



October 22, 1993 


259 






















Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x45x12) 


PLS157 


SNAP RESOURCE SUMMARY DESIGNATIONS 

(LOGIC TERMS) (CONTROL TERMS) 
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DESCRIPTION 

The PLS159A is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a "fold-back" inverting buffer and 
control gate Fc- It features 8 registered I/O 
outputs (F) in conjunction with 4 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
Q) or Complement (T, B, O, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. There 
are 4 AND gates for the Asynchronous 
Preset/Reset functions. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 

The PLS159A is field-programmable, 
enabling the user to quickly generate custom 
patterns using standard programming 
equipment. 


FEATURES 

• High-speed version of PLS159 

•f MA x = 18MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectional I/O lines 

• 8 bidirectional registers 

• J-K, T, or D-type flip-flops 

• Power-on reset feature on all flip-flops 

(F„ = 1) 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Input loading: -100JJA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• 3-State outputs 


PIN CONFIGURATIONS 


N Package 



A Package 


II 10 CLKV C cF7 



A = Plastic Leaded Chip Carrier 


APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual In-Line Package (300mil-wide) 

PLS159AN 

0408D 

20-Pin Plastic Leaded Chip Carrier 

PLS159AA 

0400E 
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LOGIC FUNCTION 



NOTE: 

Similar logic functions are applicable for D 
and T mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


UE 

■■ 

CK 

P 

R 

J 

~ 

Q 

F 

H 



Hi-Z 

L 

X 

X 

L 

X 

X 

X 

L 

H 

L 

X 

X 

H 

L 

X 

X 

H 

L 

L 

X 

X 

L 

H 

X 

X 

L 

H 

L 

L 

T 

L 

L 

L 

L 

Q 

U 

L 

L 

T 

L 

L 

L 

H 

L 

H 

L 

L 

T 

L 

L 

H 

L 

H 

L 

L 

L 

T 

L 

L 

H 

H 

a 

Q 

H 

H 

T 

L 

L 

L 

H 

L 

H* 

H 

H 

T 

L 

L 

H 

L 

H 

L* 

+ 10V 

X 

T 

X 

X 

L 

H 

L 

H** 


X 

T 

X 

X 

H 

L 

H 

L** 


NOTES: 

1 . Positive Logic: 

J-K = To + T| + T2 T31 

T n = C.(IO-l1 .I2 ...).(Qo-Qi •••)■ 

(BO ■ B1 • ...) 

2. T denotes transition from Low to High level. 

3. X = Don’t care 

4. * = Forced at F n pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L n must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, Q = H. The final state of Q 
depends on which is released first. 

6. * * = Forced at F n pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 
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VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1 . OF is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


CAUTION: PLS159A 
PROGRAMMING ALGORITHM 

The programming voltage required to 
program the PLS159A is higher (17.5V) than 
that required to program the PLS159 (14.5V). 
Consequently, the PLS159 programming 
algorithm will not program the PLS159A. 
Please exercise caution when accessing 
programmer device codes to insure that the 
correct algorithm is used. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

v cc 

Supply voltage 


+7 

Vdc 

V|N 

Input voltage 


+5.5 

Vdc 

V OUT 

Output voltage 


+5.5 

Vdc 

IlN 

Input currents 

-30 

+30 

mA 

■out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

T"stg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 

0°C T amb < +75°C, 4.75V S Vcc £ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 

EB 

TYP 1 

MAX 

Input voltage 2 

V IH 

High 

Vcc = MAX 

2.0 



V 

V|L 

Low 

Vcc = MIN 



0.8 

B9 

Vic 

Clamp 

Vcc = MIN, l, N = -12mA 


-0.8 

-1.2 

EH 

Output voltage 2 

VOH 

High 

Vcc = MIN, Iqh = -2mA 

mm 


§a 

V 

V OL 

Low 

Iql = 10mA 

1 

0.35 


V 

Input current 

IlH 

High 

Vcc = MAX, Vim = 5.5V 


<1 

80 

pA 

l|L 

Low 

V| N = 0.45V 


-10 

-100 

pA 

Output current 

lo(OFF) 

Hi-2 state 4 - 7 

V cc = MAX, Vout = 5.5V 


1 

80 

pA 



Vout = 0.45V 


-1 

-140 

pA 

los 

Short circuit 3 - 5 

Vout = 0V 

-15 


-70 

mA 

ice 

V C c supply current 6 

Vcc = MAX 


150 

190 

mA 

Capacitance 

C|N 

Input 

Vcc = 5.0V, Vin = 2.0V 


8 

SB- 

PF 

Cqut 

Output 

Vout = 2.0V 


15 


PF 


NOTES: 

1 . All typical values are at Vcc = 5V, T a rrt) = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with V| H applied to OE. 

5. Duration of short circuit should not exceed 1 second. 

6. Ice is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 

7. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V < V cc S 5.25V, R, =4700, R 2 = IkQ 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST CONDITION 

UMITS 

UNIT 

MIN 

TYP 1 

MAX 

Pulse width 

tcKH 

Clock 2 High 

CK + 

CK- 

C L = 30pF 

20 

15 


ns 

>CKL 

Clock Low 

CK- 

CK + 

C L = 30pF 

20 

15 


ns 

tCKP 

Period 

CK + 

CK + 

C L = 30pF 

55 

45 


ns 

l PRH 

Preset/Reset pulse 

(LB) — 

(LB) + 

C L = 30pF 

35 

30 


ns 

Setup time 5 

t|S1 

Input 

(LB) ± 

CK + 

C L = 30pF 

35 

30 


ns 

t|S2 

Input (through F n ) 

F ± 

CK + 

C L = 30pF 

15 

10 


ns 

t|S3 

Input (through 

Complement Array) 4 

(LB) ± 

CK + 

C L = 30pF 

55 

45 


ns 

Hoid time 

t|H1 

Input 

(LB) ± 

CK + 

C L = 30pF 

0 

-5 


ns 

t|H2 

Input (through F n ) 

F ± 

CK + 

C L = 30pF 

15 

10 


ns 

Propagation delay 

tcKO 

Clock 

o 

+ 

F ± 

C L = 30pF 


15 

20 

ns 

t0E1 

Output enable 3 

OE- 

F- 

C L = 30pF 


20 

30 

ns 

tool 

Output disable 3 

O E + 

F + 

C L = 5pF 


20 

30 

ns 

tpD 

Output 

(LB) + 

B + 

C L = 30pF 


25 

35 

ns 

tOE2 

Output enable 3 

(LB) + 

B + 

C L = 30pF 


20 

30 

ns 

tOD2 

Output disable 3 

(LB) - 

B + 

C L = 5pF 


20 

30 

ns 

tpRO 

Preset/Reset 

(LB) + 

F ± 

C L = 30pF 


35 

45 

ns 

tpPR 

Power-on/preset 

Vcc + 

F- 

C L = 30pF 


0 

10 

ns 


NOTES: 

1 . All typical values are at Vcc = 5V, T am b = +25°C. 

2. To prevent spurious docking, clock rise time ( 1 0% — 90%) < 10ns. 

3. For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (Voh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

4. When using the Complement Array tcKP = 75ns (min). 

5. Limits are guaranteed with 1 2 product terms maximum connected to each sum term line. 

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 
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TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

l CKH 

Width of input clock pulse. 

fCKL 

Interval between clock pulses. 

>CKP 

Clock period. 

tpRH 

Width of preset input pulse. 

*IS1 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|S2 

Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

f|H1 

Required delay between 
positive transition of clock and 
end of valid input data. 

t|H2 

Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

tCKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 

OE Low). 

tOEl 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

tODI 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

tpPR 

Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1 ” 
(internal Q outputs at “0”). 

fpD 

Propagation delay between 
combinational inputs and 
outputs. 

•OE2 

Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 

tOD2 

Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 

tpRO 

Delay between positive 
transition of predefined 
Preset/Reset input, and 
when flip-flop outputs become 
valid. 
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Programmable logic sequencer 
(16x45x12) 


TIMING DIAGRAMS (Continued) 



* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if t|si 
cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


(LOAD SELECT) i 

"_7 

L 

( 1SV ) 

^1.SV 



^1.5V ^ ^ 1.5V 


*OE1 — ^ 

JT 

i 

i 


\ 

\ 

\ 

F 

(INPUTS) 

Vt)( (FORCED Din) ^ 

^I.SV 


CLK 




r 

P <OD1 •")*" *IS2 -*■ 

7 \ 

t|H2 

l 


H— *CKH 
hHt *■ 




Flip-Flop Input Mode 
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Product specification 


Programmable logic sequencer 
(16x45x12) 


P LSI 59 A 


LOGIC PROGRAMMING 

The PLS159A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP, Data I/O Corporation's ABEL™ and 
Logical Devices Inc.’s CUPL™ design 
software packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS159A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 


COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


“AND” ARRAY - (I), (B), (Qp) 



STATE 

mss 

INACTIVE 1 ' 2 

° 



STATE 

SSS2S 

1, B, Q 




STATE 


1, B, Q 




STATE 


DON’T CARE 

□ 


“COMPLEMENT” ARRAY - (C) 



“OR” ARRAY - (F-F CONTROL MODE) 



Notes on following page. 


“OR” ARRAY - (Q n = D-Type) 



THE PLS159A Programming Algorithm is different from the PLS159. 
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‘OR” ARRAY - (Q n = J-K Type) 


o 


M = DISABLED 3 


£> 


ACTION 


TOGGLE 

1 ° 1 


m=!hs^bled} 


£> 


ACTION 

Emu 

SET 

nn 


M ^DIS^BLED 1 


i> 


■£> 


£> 


ACTION 


HOLD 

nn 


OR” ARRAY - (S or B) 


‘EX-OR” ARRAY -(B) 


T n STATUS 

CODE 

ACTIVE 1 

A 





T n STATUS 

CODE 

INACTIVE 

• 


t 


1>- 


POLARITY 

CODE 

LOW 1 

L 



t 


I>- 


POLARITY 


HIGH 




“OE” ARRAY - (E) 



NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, Fq, L, P, R, D) n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fc- 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D) n due to their lack of ‘’OR” array links. 
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PLS159A 


PROGRAM TABLE 


INACTIVE 

T 

_0_ 

1. B,Q 

T 

_H_ 

i.B,n 

1 

_L^ 

DON'T CARE 

1 



INACTIVE 

T 

0 

GENERATE 

T 

A 

PROPAGATE 

1 

• 

TRANSPARENT 

J 

_ 



I.B(I), 

Q(P) 


o 

H 

CO 

Z3 

O 


O 

LU 

> 

LU 

o 

LU 

oc 

LU 


UJ 


CO 

=5 

O 


OC 

LU 

Q 

OC 

O 

LU 

CO 

< 

X 

o 

X 

z> 

CL 


LU 

o 

> 

UJ 

Q 

CO 

Q. 


OR I CONTROL I NOTES 


ACTIVE 1 A 

1 P. R. B(O) 

J/K 1 • 



INACTIVE 1 • 

1 (Q - D) j 

J/KorD | A 

MODE 1 

IDLE 1 O 


1 

(condoled) | 


controlI A 


toggle 

1 o 

SET 

1 H 

RESET 

1 L 

HOLD 



(Q = J/K) 


HIGH 

Th 

LOW 

_Ll 


(POL) 


-~1 


EA.B 


The device is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin links 
exists in the table, shown BLANK for clarity. 

Program unused C, I, B, and Q bits in the AND array as (-). 
Program unused Q, B, P, and R bits in the OR array as (-) 
or (A), as applicable. 

Unused Terms can be left blank. 

Q (P) and Q (N) are respectively the present and next states 
of flip-flops Q. 

"1 e7~ 


Eb 


POLARITY 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable logic sequencers 
(14 x 48 x 6) 


PLS167/A 


DESCRIPTION 

The PLS167 and PLS167A are bipolar, 
Programmable Logic State machines of the 
Mealy type. The Programmable Logic 
Sequencers (PLS) contain logic AND/OR 
gate arrays with user programmable 
connections which control the inputs of 
on-chip State and Output Registers. These 
consist respectively of 8 Qp, and 4 Qp 
edge-triggered, clocked S/R flip-flops, with an 
asynchronous Preset Option. 

All flip-flops are unconditionally preset to “1" 
during power turn-on. 

The AND array combines 14 external inputs, 
10-13, with 8 internal inputs, PO-7, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, P0 
and PI of the internal State Register are 
brought off-chip to allow extending the Output 
Register to 6 bits, if so desired. 

All transition terms can include True, False, 
or Don't Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 

Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 

Order codes are listed in the Ordering 
Information Table. 


FEATURES 

• P LSI 67 

- f MAX = 13.9MHz 

- 20MHz clock rate 

• PLS167A 

- fMAX = 20MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 14 True/Complement buffered inputs 

• 48 programmable AND gates 

• 25 programmable OR gates 

• 8-bit State Register 

• 2-bit shared State/Output Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic “1” of all registers 

• Automatic logic “HOLD” state via S/R 
flip-flops 

• On-chip Test Array 

• Power: 600mW (typ.) 

• TTL compatible 

• 3-State outputs 

• Single +5V supply 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Security locking systems 


PIN CONFIGURATIONS 




N Package 



CLK [T 


24] V CC 


16 [T 


m 17 



is [T 


§U 18 



14 [T 


m >9 



13 (F 


fo] no 


12 [F 


19] 111 



11 n 


is] 112 


io [F 


17] 113 


F0 [T 


jjj] PR/OE 


FI [jo 


j|] Pi 



F2 [iT 


14] po 


GND [l2 


jjj] F3 


N = Plastic Dual In-Line Package (300mil-wide) 



A Package 




14 IS 16 CLK Vcc 17 18 

ri f»i FI rn n Erl [zii 


N/C [5 

✓ 

• 


25) N/C 

13 [F 




24] 19 

12 (T 




23] no 

11 [F 




22 } 111 

10 (T 




2j] 112 

F 0 [jo 




20] 113 

n/c [TT 




is] N/C 


[12| [13( [14| [15) [16) (17) [18| 

FI F2 GND F3 P0 PI PR/OE 

A = Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual In-Line Package (300mil-wide) 

PLS167N, PLS167AN 

041 0D 

28-Pin Plastic Leaded Chip Carrier 

PLS167A, PLS167AA 

0401 F 
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P LSI 67/A 


FUNCTIONAL DIAGRAM 



PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 

Active-High 

2-7 

17-23 

11-113 

Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. 

Active-High/Low 

8 

10 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at +1 0V, device outputs FO-3 and 

P0 - 1 reflect the contents of State Register bits P2 - 7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops P0 - 1 and F0 - 3 remain unaltered. 

Active-High/Low 

9-11 

13 

FO-3 

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 
Output Register bits Q 0 - 3, when enabled. When 10 is held at +10V, F0 - 3 = (P2 - 5). 

Active-High 

14-15 

P0-1 

Logic/Diagnostic Outputs: Two register bits with shared function as least Significant 

State Register bits, or most significant Output Register bits. When l 0 is heldat+IOV, 

P0 - 1 = (P6 - 7). 

Active-High 

16 

PR/OE 

Preset or Output Enable Input: A user programmable function: 




• Preset: Provides an Asynchronous Preset to logic “1" of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and P0 - 7 and 

F0 - 3 are High. Normal clocking resumes with the first full clock pulse following a 
High-to-Low clock transition, after Preset goes Low. 

Active-High (H) 



• Output Enable: Provides an Output Enable function to all output buffers. 

Active- Low (L) 
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1 1 1 1 1 1 1 1 1 1 1 1 1 


(LOGIC TERMS -T) — 

II I I I I I I I I I I I I I I 


II I I II I I I I I II II II 


smmmMmmmimmmimmmmmMmmmmmimmmmMm 
SmmmmimmmmimimmmmmmimmmmWmsmmmM 

felliiiliSiiiiiiiSIiiiiiigiiiiiiigiiiiliiSipi!!! 
S&immmmmimmmmimmMmMmmwmmimMmmmB 

PlliiiBlgiillillrtliillgillliiisliiliiiBii!!!!! 

feliillliSIililllgliillilgllliliiSilliiliglllill! 


i 5 j 

iiiiiiilffliiiit - ' i . i [ 

Siiiiiii i iiiiiii is ii ? ii i mm 1 1 1 ii ii n!i!i 




lllllIIi«iIlliIiffiilIIiII^IIiIllISIiIlIIl^IlillllRSl|Hl 
BliiiiHliliilffliiiiiHliiiiiiliiiiiiiiHiiiiiKSl 

mwmmmmmmmmmmmmmmmmmmmmmwmi&i 
iHHBi j|J| ussai | |!| ggjpiii! Hia J 

liiiiiiiSiiiiiiBiiiiiiiniiiiiiiSiiiiiSiiiiiiillc 

iiiiiiiiiiiiiiiiiiiiiiiiiiffliiiiiiiffiiiiiiiiiiiiiiiiiiSi 


NOTES: 

1 . All AND gate inputs with a blown link float to a logic “1". 

2. All OR gate inputs with a blown fuse float to logic "0". 

3. f Programmable connection. 
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TRUTH TABLE L 2, 3, 4, 5, 6 

LOGIC FUNCTION 



Vcc 

OPTION 

lo 

CK 

s 

R 

Qp/f 

■ 

PR 



mm 


* 


mm 

mm 

H 



M 

ill . 

+10V 


n 

B 

Qn 



Hi 


X 



■ 

Qn 

■BM 



■ 

* 

mm 

mm 

mm 

KB 

Hi-Z 

+5V 

i 

B 

+10V 


mm 

B 

. v 

(Qp)n 


■ ■ 

H 

X 

H 

mm 

mm 

H 

(Qp)n 


■ 

mm 


mm 

n 

■■ 

Qn 

(Qp)n 


■ 

1 ■ 




n 

L 

L 



1 


'U' 



H 

H 



n 


mm 



IND. 

IND. 

T 

X 

X 

X 

X 

X 

X 

H 



NOTES: 

1 . Positive Logic: 

S/R = T 0 + T, + T 2 + . . . T 47 
T n = C(IO II 12 . . .) (PO PI . . . P7) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. 
The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. R = S = High is an illegal input condition. 

5. * = H or Lor +10V. 

6. X = Don’t Care (<5.5V) 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7 

Vdc 

V|N 

Input voltage 


+5.5 

Vdc 

VoUT 

Output voltage 


+5.5 

Vdc 

l|N 

Input currents 

-30 

+30 

mA 

buT 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1. PR/DE option is set to PR. Thus, all 
outputs will be at "1”, as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 
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DC ELECTRICAL CHARACTERISTICS 

OX S T amb S +75X, 4.75V < V CC ^ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

UMITS 

UNIT 

EB 

TYP 1 

MAX 

Input voltage 2 

V|H 

High 

V CC = MAX 




V 

V|L 

Low 

Vcc = MIN 

■ 


0.8 

V 

v ic 

Clamp 3 

Vcc = MIN, l|N = -12mA 

1 

-0.8 

-1.2 

V 

Output voltage 2 



Vcc = MIN 





V OH 

High 4 

Ioh = -2mA 

2.4 



V 

Vql 

Low 5 

Iql = 9-6mA 


0.35 

0.45 

V 

Input current 

l|H 

High 

V IN = 5.5V 

■ 

<1 

80 

MA 

1 IL 

Low 

V| N = 0.45V 


-10 

-100 

UA 

IlL 

Low (CK input) 

V| N = 0.45V 


-50 

-250 

MA 

Output current 



V cc = MAX 





lo(OFF) 

Hi-Z state 5 ' 6 

Vout = 5.5 V 


1 

40 

MA 



Vout = 0.45V 


-1 

^to 

MA 

■os 

Short circuit 3 ' 7 

Vout = 0V 

-15 


-70 

mA 

Ice 

Vcc supply current 8 

V cc = MAX 


120 

180 

mA 

Capacitance? 



V cc = 5.0V 





C|N 

Input 

V| N = 2.0V 


8 

■ 

PF 

C OUT 

Output 

Vqut = 2.0V 


10 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V, T arTb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with Vil applied to DE and a logic high stored, or with Vih applied to PR. 

5. Measured with a programmed logic condition for which the output is at a low logic level, and V| L applied to PR/OE Output sink current is 
supplied through a resistor to Vcc- 

6. Measured with V| H applied to PR/OE. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 

R, = 470 a, R 2 = 1 kn, C L = 30pF, 0°C < T amb £ +75°C, 4.75°CV < V cc S 5.25V 






PLS167A 


Pulse width 3 


fcKH 

Clock 2 High 

CK + 

CK- 

25 

15 

tCKL 

Clock Low 

CK- 

CK + 

25 

15 

tCKP 

Clock Period 

CK + 

CK + 

50 

30 

tpRH 

Preset pulse 

PR + 

PR- 

25 

15 



Setup time 3 


l IS2A 

t|S2B 

t|S2C 

l vs 

tpRS 


Hold time 


t|H 


Propagation delay 


Input 

Input 

Input 

Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 
Preset 



CK + 

60 


CK + 

50 


CK + 

42 


CK + 

90 


CK + 

80 


CK + 

72 


CK- 

0 

-10 

CK- 

0 

-10 


40 


30 


N/A 


70 


60 


N/A 


0 

-10 

0 

-10 



Icko 

Clock 

toe 

Output enable 4 

toD 

Output disable 4 

tpR 

Preset 

tpPR 

Power-on preset 



15 

30 

20 

30 

20 

30 

18 

30 

0 

10 


I 


15 

20 

ns 

20 

30 

ns 

20 

30 

ns 

18 

30 

ns 

0 

10 

ns 


Frequency of operation 3 


fMAxC Without Complement Array 

f MAxC With Complement Array 


NOTES: 

1 . All typical values are at V C c = 5V, T arrt) = +25°C. 

2. To prevent spurious clocking, clock rise time (10% - 90%) < 30ns. 

3. See “Speed vs. OR Loading" diagrams. 

4. For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vy = (Vqh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vy = (Vql + 0.5V) level with Si closed. 


TEST LOAD CIRCUIT 


VOLTAGE WAVEFORMS 



October 22, 1993 


278 





























































Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencers 
(14x48x6) 


P LSI 67/A 


TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

tCKH 

Width of input clock pulse. 

*CKL 

Interval between clock pulses. 

tcKP 

Minimum guaranteed clock 
period. 

t|S1 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|S2 

Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 

*vs 

Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 

IpRS 

Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 

t(H 

Required delay between 
positive transition of clock and 
end of valid input data. 

•CKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 
PR/DE Low). 

*OE 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

tOD 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

tSRE 

Delay between input l 0 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 
Register. 

tSRD 

Delay between input l 0 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 

IPR 

Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 

IPPR 

Delay between Vqc (after 
power-on) and when outputs 
become preset at “1". 

IPRH 

Width of preset input pulse. 

fMAX 

Minimum guaranteed 
operating frequency. 
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SPEED VS. “OR” LOADING 


The two other entries in the AC table, tis 2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of % for a given application 
can be determined by identifying the OR line 
with the maximum number of T n connections. 
This can be done by referring to the inter- 
connect pattern in the PLS logic diagram, 
typically illustrated in Figure 3, or by counting 
the maximum number of “H” or“L” entries in 
one of the columns of the device Program 
Table. 

This number plotted on the curve in Figure 1 
or Figure 2 will yield the worst case % and, by 
implication, the maximum clocking 
frequency for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T n 


NOT 

USED 

Figure 3. Typical OR Array 
Interconnect Pattern 




(4) 

TERMS/ 

OR f 2 >' 


O] 

0 

01 


"OR" 

ARRAY! 


maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 

04* ax) = tcY = tis + tcKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tis, due to capacitive loading. The 
effect of this loading can be seen in Figure 1 , 
showing the variation of tisi with the number 
of terms connected por OR. 

The PLS167 AC electrical characteristics 
contain three limits for the parameters t tS i 
and t| S2 (refer to Figure 1 ). The first, t !S i a is 
guaranteed for a device with 48 terms 
connected to any OR line, tfsi b is guaranteed 
for a device with 32 terms connected to any 
OR line. And t| S1c is guranteed for a device 
with 24 terms conntected to any OR line. 

The three other entries in the AC table, tisa A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip 
Complement Array. 

The PLS167A AC electrical characteristics 
contain two limits for the parameters t^i and 
tiS 2 (refer to Figure 2). The first, tisi a is 
guaranteed for a device with 24 terms 
connected to any OR line. tisiB is guaranteed 
fora device with 16 terms connected to any 
OR line. 


60 
50 
40 

S 

§ M 
20 
10 

0 a 16 24 32 40 48 

TERMS CONNECTED/OR 


Figure 1. PLS167 tisi vs. 
Terms/OR Connected 
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LOGIC PROGRAMMING 

The PLS167/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABEL™ 
CUPL™ and PALASM® 90 design software 
packages also support the PLS167/A 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS1 67/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


PRESET/OE OPTION - (P/E) 


o PR/OE 

o PR/OE 

p — Cd — D 0- E =i 

p = 0 ( It I 1 ^ — r 

I (ALWAYS 

=• ENABLED) 

(PRESET C 

DISABLED) 

OPTION CODE 

OPTION CODE 

PRESET 1 H 

OE L 


PROGRAMMING: 

The PS 1 67/A has a power-up preset feature. This feature insures that the device will power-up in a 
known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


‘AND” ARRAY -(I), (P) 



“OR” ARRAY - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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PLS167/A 

PROGRAM TABLE 

PROGRAM TABLE ENTRIES 



CUSTOMER NAME 

PURCHASE ORDER # 

PHILIPS DEVICE # CF (XXXX) 

CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE 

REV 

DATE 




NOTES: 

1 . The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an “H” for the P/E option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused C n , l m , and P s bits are normally programmed Don't Care {-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 
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The PLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 

Testing is accomplished by clocking the PLS 
and applying the proper input sequence to 
1 0-13 as shown in the test circuit timing 
diagram. 



State Diagram 



AND 

C 

"FlTiTn INPUT (im) 




PRESENT STATE (Ps) 



32109876543 

2 1 

0 

7 

6 5 4 3 2 1 

0 

A 

HHHHHHHHHHH 

H H 

H 

H 

H H H H H H 

H 

• 

LLLLLLLLLLL 

L L 

L 

L 

L L L L L L 

L 


PLS Under Test 


OPTION (P/E) | H 

OR 

NEXT STATE (Ns) OUTPUT (Fr) 

~7~T 6 ~T 5~l l" |""3 *j~ 2~T 1 ~0~ ~3 2~[ T] 0 

17 171717 17 17 L 17 L L L L 

HHHHHHHHHHHH 


Test Array Program 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetic’s qualified programming equipment. 



FO-3 1.5V 


STATE 

REGISTER 



Test Circuit Timing Diagram 



^^■□DKlQBDDBDaBauDuBiaD 

niiniimiinnnnnnnnnnnnnnnnn 

aDDDDDDIlIlDDDISOliaaDDIlDD 


Test Array Deleted 



PRESENT STATE (Ps) NEXT STATE (Ns) 
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SNAP RESOURCE SUMMARY DESIGNATIONS 



mmm 
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Programmable logic sequencers 
(12 x 48 x 8) 


PLS168/A 


DESCRIPTION 

The PLS168 and the PLS168A are bipolar, 
Programmable Logic State machines of the 
Mealy type. They contain logic AND/OR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 10 Qp, and 4 Qp edge-triggered, clocked 
S/R flip-flops, with an Asynchronous Preset 
Option. 

All flip-flops are unconditionally preset to “1" 
during power turn-on. 

The AND array combines 12 external inputs, 
10-11, with 10 internal inputs, PO-9, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, 
P0-P3 of the internal State Register are 
brought off-chip to allow extending the Output 
Register to 8 bits, if so desired. 

All transition terms can include True, False, 
or Don't Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 

Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 

Order codes are listed in the Ordering 
Information table below. 


FEATURES 

• P LSI 68 

- *max = 13.9MHz 

- 20MHz clock rate 

• P LSI 68 A 

- fMAX = 20MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Crlink) 

• 12 True/Complement buffered inputs 

• 48 programmable AND gates 

• 29 programmable OR gates 

• 10-bit State Register 

• 4-bit shared State/Output Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic “1 ” of all registers 

• Automatic logic “HOLD” state via S/R 
flip-flops 

• On-chip Test Array 

• Power: 600mW (typ.) 

• TTL compatible 

• 3-State outputs 

• Single +5V supply 


PIN CONFIGURATIONS 


CLK [T 

N Package 

El v cc 

15 E 


23 ] 16 

14 E 


22 ] 17 

13 E 


HI 18 

12 E 


») 19 

H E 


El HO 

m jT 


El HI 

F 0 E 


El PR/OE 

FI E 


El P 3 

F 2 E 


El P 2 

F 3 E 


El Pi 

GND [75 


El po 


N > Plastic DIP (300mil-wide) 

A Package 


13 14 15 CLK Vcc '6 17 



A = Plastic Leaded Chip Carrier 


APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Security locking systems 

• Counters 

• Shift registers 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic DIP (300mil-wide) 

PLS168N, PLS168AN 

041 0D 

28-Pin Plastic Leaded Chip Carrier 

PLS168A, PLS168AA 

040 IF 
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FUNCTIONAL DIAGRAM 



PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

mm 

CLK 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 

Active-High 


11-111 

Logic Inputs: The 11 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. 

Active-High/Low 

7 

10 

Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at +10V, device outputs F2 - F3 and 

P0 - P3 reflect the contents of State Register bits P4 - 9 (see Diagnostic Output Mode 
diagram). The contents of flip-flops P0 - 1 and F0 - 3 remain unaltered. 

Active-High/Low 

13-16 

PO-3 

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 

State Register bits P0 - 3. When 10 is held at +10V these pins reflect (P6 - P9). 

Active-High 

10-11 

F2-F3 

Logic/Diagnostic Outputs: Two register bits (F2 - F3) which reflect Output register bits 
(Q2 - Q3). When 10 is held at +10V, these pins reflect (P4 - P5). 

Active-High 

17 

PR/OE 

Preset or Output Enable Input: A user programmable function: 

• Preset: Provides an Asynchronous Preset to logic “1" of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and P0 - 9 and 

F0 - 3 are High. Normal clocking resumes with the first full clock pulse following a 
High-to-Low clock transition, after Preset goes Low. 

• Output Enable: Provides an Output Enable function to all output buffers. 

Active-High (H) 

Active- Low (L) 

8,9 

F0-F1 

Logic Output: Two device outputs which reflect Output Registers Q0 - Q1 . When 10 is 
held at +10V, FO - FI = Logic “1". 
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(LOGIC TERMS - T) 

II I I I I I I I II I I I I II 


^iiiiiiHiiiiiiiniiiiiiraiiiiiii^iiiiiiigiiiilii! 

liiiiiiimiiiiiniiiiiiimiiiiiiiiiiiiiiiMiiiiii! 
Siiiiiiiffliiii ill ' ' . * ' * " w *m#i 

mimmMmMimmimMmmmmMmmimmmimummmm 

mmmmmmmmimimmmmimmmmimmmmwmmmm 

1 ii mmi iiiiii 

Siiiiiiiliiiiiiigii imiiiiiiii 


1 iiiiiiiSillliliSiiiiiiSliiiii !| ■ 11! ||IS 5 1 II 11 

i i * ! 

* a ' Wimi 


mmmmwnmmmmmammmmmmmmmmmmnWtKggM 
immnwmmmmmmmmmmmmmmmmmmmwmifctifflm 

IlliiiiiUIIilliHiiiiiiraiiliiiHiiiiilHiiliiiliKkMH 


liiiiiiiHiiiiiiiiiiiiiii liiiiiiliiiii ii ill w&mM 

liiiiiiSiiiiiiSiiiiiliSiililil^iiliiiSiliiiiiiil^l 
liSSIBiiSill Si! iSSiSSiilSi! : 1l!iSSiiSiill@llM 

SiiillliMilllll i: liil IIIBili! «li 

iiiiiiiiiiiviiir iiiMi i 

IlillllMlilll 1*1 1 il Ii iiii iguHM 


47 40 39 32 31 24 23 ’ * 

NOTES: 

1. All programmed “AND" gate locations are pulled to logic “1”. 

2. Alljorogrammed “OR” gate locations are pulled to logic “0”. 

3. Programmable connection. 


0» 
<1 [7] CLK 
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TRUTH TABLE 2 > 3 > 4 > 5 - 6 

LOGIC FUNCTION 



Typical State Transition: 

02 QI 00 


• 

' 

• 

( Sr ) PRESENT STATE 

STATE REGISTER 
Nw 

T XBC-... 


• 

• 

■ 

ten + 1 j NEXT STATE 

SET Qo: So = (02-0, •*%) * B C... 

Ro = 0 

RESET Qi: Si =0 

Rl = (t% • Qi • Ho) • J’ff'C... 

HOLD O 2 : S 2 = 0 
r 2 = o 


Vcc 

OPTION 

<0 


s 

R 

Qp/F 

■ 

PR 

OE 


mm 

■ 

* 



mm 

H 

H 


HI 


+10V 




Qn 

(Qp)n 


urn 


X 



M 

Qn 

(Qp)n 


■ 

■■ 

* 



mm 

Qn 

ICTi 

+5V 

■ 

E | 

+10V 



n 

Qn 

M 



WM 

X 



mm 

Qn 

E5M 


■ 

mm 

X 

T 

n 

mm 

Qn 

(Q F )n 


1 

■ 

X 

t 


mm 

L 

L 



■H 

X 

T 



H 

H 



mm 

X 

T 



IND. 

IND. 

T 

X 

X 

X 

X 

X 

X 

H 



NOTES: 


1 . Positive Logic: 

S/R = To + T| + T2 + . . . + T47 
T n = C(IO II 12. . ,)(P0 PI . . . P9) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. 
The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. R = S = High is an illegal input condition. 

5. * = H orLor+IOV. 

6. X = Don't Care (<5.5V) 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7 

Vdc 

V,N 

Input voltage 


+5.5 

Vdc 

VOUT 

Output voltage 


+5.5 

v dc 

1 IN 

Input currents 

-30 

+30 

mA 

!out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1 . PR/OE option is set to PR. Thus, all outputs 
will be at “1 ", as preset by initial power-up 
procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 
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P LSI 68/A 


DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V <,V cc i 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

Vih 

High 

V CC = MAX 

2.0 



mm 

Vil 

Low 

Vcc = MIN 



0.8 

B 

Vic 

Clamp 3 

Vcc = MIN, l| N = -12mA 


-0.8 

-1.2 

1 

Output voltage 2 



V cc = MIN 

■ 




VoH 

High 4 

Iqh = —2mA 

B 



V 

V OL 

Low 5 

Iql = 9.6mA 


0.35 

0.45 

V 

Input current 

l|H 

High 

V| N = 5.5V 

1 1 

<1 

25 

pA 

IlL 

Low 

V| N = 0.45V 

■ 

-10 

-100 

pA 

1 IL 

Low (CLK input) 

Vim = 0.45 V 


-50 

-250 

\iA 

Output current 



V CC = MAX 





lo(OFF) 

Hi-Z state 6 

Vout = 5.5V 


1 

40 

pA 



Vout = 0.45V 


-1 

-40 

pA 

•os 

Short circuit 3 - 7 

Vout = 0V 

-15 


-70 

mA 

Icc 

Vcc supply current 8 

V cc = MAX 


120 

180 

mA 

Capacitance 6 



Vcc = 5.0V 






Input 

V| N = 2.0V 

BIB 

8 

II 

pF 

Kill 

Output 

Vout = 2.0V 


10 

| 

pF 


NOTES: 

1 . All typical values are at Vcc = 5V, T a mb = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with V| L applied to UE and a logic high stored, or with Vih applied to PR. 

5. Measured with a programmed logic condition for which the output is at a low logic level, and V| L applied to PR/DE Output sink current is 
supplied through a resistor to Vcc- 

6. Measured with Vih applied to PR/OE. 

7. Duration of short circuit should not exceed 1 second. 

8. l C c is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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(12x48x8) 
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P LSI 68/A 


AC ELECTRICAL CHARACTERISTICS 

R, = 470SJ, R 2 = 1 kil, C L = 30pF, 0°C < T amb ^ +75°C, 4.75°CV < V C c ^ 5.25V 



mumj 


PLS168A 


Pulse width 3 


ICKH 

Clock 2 High 

CK + 

CK- 

25 

15 

fcKL 

Clock Low 

CK- 

CK + 

25 

15 

tCKP 

Clock Period 

CK + 

CK + 

50 

30 

tpRH 

Preset pulse 

PR + 

PR- 

25 

15 


20 

15 

20 

15 

40 

30 

25 

15 


Setup time 3 


l IS2A 

t| S2 B 

t|s 2 C 

tvs 

tpRS 


Hold time 


t| H Input 


Propagation delay 


Input 

Input 

Input 

Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 
Preset 



CK + 

60 


CK + 

50 


CK + 

42 


CK + 

90 


CK + 

80 


CK + 

72 


CK- 

0 

-10 

CK- 

0 

-10 


MM 


EK 


H9 


70 


60 


N/A 


0 

-10 

0 

-10 



Clock 

CK + 

Output ± 

Output enable 4 

OE- 

Output - 

Output disable 4 

OE + 

Output + 

Preset 

PR + 

Output + 

Power-on preset 

V C c + 

Output + 


m 


tpR 

tpPR 


Frequency of operation 3 


fMAxC Without Complement Array 

f|YlAX c With Complement Array 


NOTES: 

1 . Ail typical values are at V cc = 5V, T arrt , = +25°C. 

2. To prevent spurious clocking, clock rise time (10% - 90%) < 30ns. 

3. See “Speed vs. OR Loading” diagrams. 

4. For 3-State output; output enable times are tested with Cl = 30pF to the 1.5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h - 0.5V) with S t open, and Low-to-High impedance tests are made to the V T = (V 0 l + 0.5V) level with S) closed. 



TEST LOAD CIRCUIT 


VOLTAGE WAVEFORMS 
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TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

tCKH 

Width of input clock pulse. 

tCKL 

Interval between clock pulses. 

tcKP 

Minimum guaranteed clock 
period. 

t|S1 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|S2 

Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 

tvs 

Required delay between Vcc 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 

tpRS 

Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 

t|H 

Required delay between 
positive transition of clock and 
end of valid input data. 

tcKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 
PR/DE Low). 

feE 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

toD 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

tSRE 

Delay between input l 0 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 
Register. 

*SRD 

Delay between input l 0 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 

tpR 

Delay between positive 
transition of Preset and when 
outputs become valid at “1". 

tpPR 

Delay between Vcc (after 
power-on) and when outputs 
become preset at “1 ”. 

tpRH 

Width of preset input pulse. 

fMAX 

Minimum guaranteed 
operating frequency. 
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PLS168/A 



SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 

(1/fMAx) = tcY = l is + tcKO 
This frequency depends on the number of 
transition terms T n used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tis, due to capacitive loading. The 
effect of this loading can be seen in Figure 1 , 
showing the variation of tjsi with the number 
of terms connected per OR. 

The PLS 168 AC electrical characteristics 
contain three limits for the parameters tisi 
and t| S2 (refer to Figure 1). The first, t| S1A is 
guaranteed for a device with 48 terms 
connected to any OR line, tisi b is g uaranteed 
for a device with 32 terms connected to any 
OR line. And t| S ic is guranteed for a device 
with 24 terms conntected to any OR line. 

The three other entries in the AC table, t| S2 A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip 
Complement Array. 

The PLS168A AC electrical characteristics 
contain two limits for the parameters t| S1 and 
tis 2 (refer to Figure 2). The first, tisi a is 
guaranteed for a device with 24 terms 
connected to any OR line. t| S1 B is guaranteed 
for a device with 16 terms connected to any 
OR line. 



The two other entries in the AC table, t|S 2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of t| S for a given application 
can be determined by identifying the OR line 
with the maximum numberof T n connections. 
This can be done by referring to the 
interconnect pattern in the PLS logic 
diagram, typically illustrated in Figure 3, or by 
counting the maximum number of "H” or“L” 
entries in one of the columns of the device 
Program Table. 

This number plotted on the curve in Figure 1 
or 2 will yield the worst case t| S and, by 
implication, the maximum clocking 
frequency for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 
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LOGIC PROGRAMMING 

The PLS168/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™ and PALASM® 90 design software 
packages also support the PLS168/A 
architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS168/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-partyl Programmer/ 
Software Support) of this data handbook for 
additional information. 


PRESET/OE OPTION - (P/E) 


O PR/OE 

o PR/OE 

p G-4 — D* - e=i 

p = ° ( l- | | > — j. 

| (ALWAYS 

-±T ENABLED) 

(PRESbl ' 

DISABLED) 

OPTION CODE 

OPTION CODE 

PRESET 1 H 

OE L 


PROGRAMMING: 

The PLS168/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the device. 
You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 


“AND” ARRAY - (I), (P) 



STATE 


INACTIVE 1 - 2 

1 2 ! 


— ect- 

















“OR” ARRAY - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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PLS168/A 

PROGRAM TABLE 

PROGRAM TABLE ENTRIES 




NOTES: 

1 . The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an “H" for the P/E option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused C n , l m , and P s bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 
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The PLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 

Testing is accomplished by clocking the 
FPLS and applying the proper input 
sequence to 10-13 as shown in the test 
circuit timing diagram. 



State Diagram 



FPLS Under Test 




PRESENT STATE (Ps) 


I I i I 11 BaODIDDDDBODBaDBaDD 

innnnnnnnnnnnnnnnnnnronnBn nn n nn n nn nnnnn 

iiinnaDDDDaaaDiiiiiiDBiiDDDiilaDDaDaaDoaDQDD 


Test Array Program 




NEXT STATE (Ns) 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signe tic's qualified^programming equipment. 



F0-3 


STATE 

REGISTER 



Test Circuit Timing Diagram 


■laBtlKiBKiDBSiaHHHHH 
innnnuiinnronnnnnnnnnnnnnnl 

innnnnannnnnnnnnniinnnnnl 


Test Array Deleted 


NEXT STATE (Ns) OUTPUT (Fr) 


BaBBBDBBDQBBaa 


October 22, 1993 


295 

















Philips Semiconductors Programmable Logic Devices 

Product specification 

Programmable logic sequencers 
(12x48x8) 

P LSI 68/A 



October 22, 1993 


296 











Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(20x45x12) 


PLS179 


DESCRIPTION 

The PLS179 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a “foldback" inverting buffer and 
control gate, Fc. It features 8 registered I/O 
outputs (F) in conjunction with 4 bidirectional 
I/O lines (B). There are 8 dedicated inputs. 
These yield variable I/O gate and register 
configurations via control gates (D, L) ranging 
from 20 inputs to 1 2 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 8 inputs (I), 
bidirectional I/O lines (B), internal flip-flop 
outputs (Q), and the Complement Array 
output (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
Q) or Complement (T, B, U, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional I/O lines 
(B), whose output polarity is individually 
programmable through a set of EX-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. Four 
AND gates have been dedicated for the 
Asynchronous Preset/Reset functions. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 

The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are listed below. 


FEATURES 

• f MAX = 18.2MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 8 dedicated inputs 

• 13 control gates 

• 32 AND gates 

• 21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectional I/O lines 

• 8 bidirectional registers 

• J/K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Power-on reset on flip-flop 
(Fn = “1") 

• Input loading: - 100|JA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• 3-State outputs 


PIN CONFIGURATIONS 


CLK [T 

N Package 

24] V CC 

n [T 


23] B3 

n QF 


22] F7 

12 [T 


|T] F6 

13 |T 


2»] F5 

14 |T 


19] F4 

■5 H 


j|] F3 

16 (TT 


17] F2 

17 Ol 


Hi FI 

bo Qo 


15] F0 

bi QT 


14] B2 

GND [?2 


13] OE 


N - Plastic Dual In-Line Package (300mil-wide) 

A Package 


12 II 10 CLK Vcc B3 F7 



A = Plastic Leaded Chip Carrier 


APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual In-Line Package (300mil-wide) 

PLS179N 

0410D 

28-Pin Plastic Leaded Chip Carrier 

PLS179A 

0401 F 
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(LOGIC TERMS-T) 

I I I I I I I I I I I I I I I I I I I I II I I I I I I 


H 

□BSiiiiBWiaiBiiSiiiiiiBiiiaiiaB 
itSNSwSSiSiiliiSSSiSiSSiSi 

Tte m. m m m m m. m m m m m m mm: m m m m m m m m m m m mm b 


(CONTROL TERMS) 


Spl!ii!!BKiii!SS!!9ii!iS!!i!!il9! 

BE i 

□SSailllHHMiBHIBIBMHBBIIlBIIHIMH 

pSSffiBimaBiHiaRBaBnaBiHiBiaBSBan 

I lIllIIII®IIIII»I*IIIIIII®IIiIIiiii 
Biiiins«aiii«aiiiiii»«i®*iii«iii* 

iiiiiiiiiiiiiiiniiiiiiiMiiiiin 

l!!ll!l«IlllIllS!lIl!ll«HI!!m 
IIIIIIIBIiiilllHIiliillillliillllill 
lli«lliIIli»IIIIIIIIIIIIIIIllllIlllIIIIIIIIi 

'iiiiiiiwiniiiiiniiiiiismiiiiHia 

liilllllBIIIIBlllllllIiliiiilillilliiil 


— n 

■■■■ i 


j ; 

■ 


I 

I 

gllllilfllliiill BHIKlIillliK ?1 
SllllllllillllSlilllllil! 




| m i:|5 ::i j s;?: M M & ' « .IG 3: y Oil 33 33 S3 W ■: - ' W:S ; 3 3 i- : > i i i izsspma. m^rpr: m ^3 35 gEe “5 ■ 

■ 

1 HMSfl 

III ill llii 1 

iii li ,m 11 

I tL ■■■■ 


mini 


111111 


III 


iiiiiiiiilii 

I 18 

I 

iiiiiiiiHii 

liiiiHiiiiiin 

lilllRBliill 

I 

ll■l■lll■lll■■l■l 


SIB 

I 


III 

immii 


iiiiiib^; 


■ 

pi sili^H 

1 m 


31 24 23 « • • • • »16 15 » • • • • • 8 

NOTES: 

1 . All OR gate inputs with a blown link float to logic "0". 

2. All other gates and control inputs with a blown link float to logic "1", 

3. ® denotes WIRE-OR. 

4. U Programmable connection. 
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FUNCTIONAL DIAGRAM 



FLIP-FLOP TRUTH TABLE 


CTE 


CK 

P 

R 

J 

K 

Q 

F 

H 



H/Hi-Z 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

X 

X 

H 

L 

X 

X 

H 

L 

L 

X 

X 

L 

H 

X 

X 


H 

L 

L 

T 

L 

L 

L 

L 

Q 

Q 

L 

L 

T 

L 

L 

L 

H 

L 

H 

L 

L 

T 

L 

L 

H 

L 

H 

L 

L 

L 

T 

L 

L 

H 

H 

O 

Q 

H 

H 

T 

L 

L 

L 

H 

L 

H* 

H 

H 

T 

L 

L 

H 

L 

H 

L* 

+ 10V 

X 

T 

X 

X 

L 

H 

L 

H** 


X 

T 

X 

X 

H 

L 

H 

L** 


NOTES: 


Positive Logic: 

J'K = To + Ti + T 2 T 31 

T„=C (IO I1I2...) (Qo Qi 

(BO ■ B1 • ...) 

T denotes transition from Low to High level. 
X = Don’t care 

* = Forced at F n pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L„ must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

At P = R = H, Q = H. The final state of Q 
depends on which is released first. 

* * = Forced at F n pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State B outputs. 
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LOGIC FUNCTION 



NOTE: 

Similar logic functions are applicable for D 
and T mode flip-flops. 


VIRGIN STATE 

The factory shipped virgin device contains all 

fusible links intact, such that: 

1 . OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


THERMAL RATINGS 


j TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7 

V DC 

V| N 

Input voltage 


+5.5 

Vdc 

VOUT 

Output voltage 


+5.5 

v dc 

( in 

Input currents 

-30 

+30 

mA 

IoUT 

Output currents 


+100 

mA 


Operating temperature range 

0 

+75 

°C 

T s tg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V ^V cc ^ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 


TYP 1 



MAX 

Input voltage 2 

V|H 

High 

V cc = MAX 

2.0 



V 

V| L 

Low 

V cc = Min 



0.8 

V 

V,c 

Clamp 

Vcc = MIN, h N = -12mA 


-0.8 

-1.2 

V 

Output voltage 2 

V OH 

High 

Vcc = MIN, Iqh = -2mA 

2.4 


■B 

V 

V OL 

Low 5 

lot = 10mA 


0.35 


V 

Input current 

IlH 

High 

Vcc = MAX, Vim = 5.5V 

Ej| 

<1 

40 

pA 

IlL 

Low 

V IN = 0.45V 


-10 

-100 

pA 

Output current 

io(OFF) 

Hi-Z state 4 ' 7 

V cc = MAX, V 0U T = 5.5V 


n 

80 

pA 



Vout = 0.45V 



-140 

MA 

•os 

Short circuit 3 ’ 5 

VouT = 0V 

-15 

1 

-70 

mA 

Icc 

Vcc supply current 6 

V cc = MAX 


150 

210 

mA 

Capacitance 

C|N 

Input 

Vcc = 5.0V, V, N = 2.0V 


8 


PF 

C OUT 

Output 

Vqut = 2.0V 


15 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V, Tan* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with Vm applied to OE. 

5. Duration of short circuit should not exceed 1 second. 

6. Ice is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 

7. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS 

R, = 4700, R ? = 1 kO, C|_ = 30pF, 0°C < T amb < +75°C, 4.75°CV < V cc < 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST 

CONDITION 

LIMITS 

UNIT 


TYP 1 


Pulse width 3 

tCKH 

Clock 2 High 

CK + 

CK- 

C L = 30pF 

20 

15 


ns 

tcKL 

Clock Low 

CK- 

CK + 

C L = 30pF 

20 

15 

I 

ns 

tCKP 

Clock period 

CK + 

CK + 

C L = 30pF 

40 

30 

■ 

ns 

IPRH 

Preset/Reset pulse 

(1. B) - 

(i. B) + 

C L = 30pF 

35 

30 


ns 

Setup time 

tisi 

Input 


CK + 

Cl = 30pF 

35 

30 


ns 

1|S2 

Input (through F n ) 

KB 

CK + 

C L = 30pF 

15 

10 


ns 

t|S3 

Input (through Complement Array) 4 


CK + 

C L = 30pF 

55 

45 


ns 

Hold time 

t|H1 

Input 

(1, B)± 

CK + 

C L = 30pF 

0 

-5 


ns 

1|H2 

Input (through F n ) 

F ± 

CK + 

C L = 30pF 

15 

10 


ns 

Propagation delay 

tCKO 

Clock 

CK± 

F± 

C L = 30pF 

■ 

15 

20 

ns 

*OE1 

Output enable 3 

OE- 

F- 

C L = 30pF 


20 

30 

ns 

tooi 

Output disable 3 

<3E + 

F + 

C L = 5pF 


20 

30 

ns 

tpD 

Output 

(1, B)± 

B± 

C L = 30pF 


25 

35 

ns 

k)E2 

Output enable 3 

(1, B) + 

B ± 

C L = 30pF 

■ 

20 

30 

ns 

tOD2 

Output disable 3 

(1, B)- 

B + 

C L = 5pF 

1 

20 

30 

ns 

tpRO 

Preset/Reset 

(1, B) + 

F + 

C L = 30pF 


35 

45 

ns 

tpPR 

Power-on preset 

v cc + 

F- 

C L = 30pF 


0 

10 

ns 


NOTES: 

1 . All typical values are at Vcc = 5V, T am b = +25°C. 

2. To prevent spurious clocking, clock rise time (10% - 90%) < 10ns. 

3. For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (Voh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

4. When using the Complement Array tcKP = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 
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TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

*CKH 

Width of input clock pulse. 

>CKL 

Interval between clock pulses. 

fcKP 

Minimum guaranteed Clock 
period. 

tpRH 

Width of preset input pulse. 

l IS1 

Required delay between 
beginning of valid input and 
positive transition of clock. 

t|S2 

Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

t|H1 

Required delay between 
positive transition of clock and 
end of valid input data. 

f|H2 

Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

fcKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 

UH Low). 

tOEl 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

*001 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

tpPR 

Delay between Vcc (after 
power-on) and when flip-flop 
outputs become preset at “1 ” 
(internal Q outputs at "O '). 

tPD 

Propagation delay between 
combinational inputs and 
outputs. 

*OE2 

Delay between predefined 
Output Enable High, and 
when combinational Outputs 
become valid. 

tOD2 

Delay between predefined 
Output Enable Low and when 
combinational Outputs are in 
the OFF-State. 

tpRO 

Delay between positive 
transition of predefined 
Preset/Reset input, and when 
flip-flop outputs become valid. 
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TIMING DIAGRAMS (Continued) 



* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if t|si 
cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


I, B 

(LOAD SELECT) 




'JF 


(INPUTS) 


A 


V 


*OE1 


I 


V T 


^ (FORCED Pin) ^ 


A 

^ — V'l^u — ► 


t CKH“ 
■ <TH1 


\ 


A 


+3V VOH 
OV Vol 
+3V 


0V 


(Din) 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

The P LSI 79 is fully supported by industry 
standard (JEDEC compatible) PLO CAD 
tools, including Philips Semiconductors' 
SNAP, Data I/O Corporation's ABEL™ and 
Logical Devices Inc.’s CUPL™ design 
software packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


PLS1 79 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 


COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 



“AND” ARRAY - (I), (B), (Qp) 



“COMPLEMENT” ARRAY - (C) 



OR” ARRAY - (F-F CONTROL MODE) 


“OR” ARRAY - (Q 
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“AND” ARRAY - (Q N = J-K Type) 



OR” ARRAY - (S or B) 



‘EX-OR” ARRAY - (B) 




P, R, S 
(ORB) 


T n STATUS 

CODE 

INACTIVE 

• 


t 


o- 


POLARITY 

CODE 

LOW 1 

L 



t 




POLARITY 

CODE 

HIGH 

H 



“OE” ARRAY - (E) 



NOTES: 

1 . This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 

2. Any gate (T, F c , L, P, R, D) n will be unconditionally inhibited if any one of the I, B, or Q link pairs are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n , Fc- 

4. E n = O and E n = • are logically equivalent states, since both cause F n outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L-, P, R, D) n due to their lack of "OR” array links. 
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PROGRAM TABLE 



AND 

-- 


INACTIVE 1 

0 


I.B.Q 1 

H 


T.F.O ! 

L 


DON'T CARE 1 

_ 




INACTIVE i 

0 


GENERATE 1 

A 


PROPAGATE 1 

• 


TRANSPARENT 1 

_ 




I.B(I). 

Q(P) 


UJ Ui 
Q CD 


OR I CONTROL I NOTES 


TOGGLE 

nr 

SET 

! H 

RESET 

1 L 

HOLD 

Ll. 


(Q =. J/K) 


ACTIVE 

A 

P, R. B(O) 

J/K 1 • 

INACTIVE 

• 

<Q - D) j 

J/K or D | A 



1 

(controlled) | 


1L 


F/F 

MODE 


(POL) 


CONTROL I A~ 


DISABLE [ - 


— I 


e A, B | 


1. The device is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin links ex- 
ists in the table, shown BLANK for clarity. 

2. Program unused C, I, B, and Q bits in the AND array as {-). 
Program unused Q, B, P, and R bits in the OR array as (-) 
or (A), as applicable. 

3. Unused Terms can be left blank. 

4. Q (P) and Q (N) are respectively the present and next states 
of flip-flops Q. 


F/F MODE 


1 e b ! 

e a 1 

POLARITY 

n n mm 



1 1 1 



October 22, 1993 


307 










Philips Semiconductors Programmable Logic Devices 

Product specification 

Programmable logic sequencer 
(20x45x12) 

PLS179 



October 22, 1993 


308 









Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable multi-function PLD 
(42x105x12) 


PLC42VA12 


DESCRIPTION 

The new PLC42VA12 CMOS PLD from 
Philips Semiconductors exhibits a unique 
combination of the two architectural concepts 
that revolutionized the PLD marketplace. 

The Philips Semiconductors unique Output 
Macro Cell (OMC) embodies all the 
advantages and none of the disadvantages 
associated with the “V" type Output Macro 
Cell devices. This new design, combined with 
added functionality of two programmable 
arrays, represents a significant advancement 
in the configurability and efficiency of 
multi-function PLDs. 

The most significant improvement in the 
Output Macro Cell structure is the 
implementation of the register bypass 
function. Any of the 10 J-K/D registers can be 
individually bypassed, thus creating a 
combinatorial I/O path from the AND array to 
the output pin. Unlike other “V” type devices, 
the register in the PLC42VA12 Macro Cell 
remains fully functional as a buried register. 
Both the combinatorial I/O and buried register 
have separate input paths (from the AND 
array). In most V-type architectures, the 
register is lost as a resource when the cell is 
configured as a combinatorial I/O. This 
feature provides the capability to operate the 
buried register independently from the 
combinatorial I/O. 

The PLC42VA12 is an EPROM-based CMOS 
device. Designs can be generated using 
Philips Semiconductors SNAP PLD design 
software packages or one of several other 
commercially available JEDEC standard PLD 
design software packages. 


FEATURES 

• High-speed EPROM-based CMOS 
Multi-Function PLD 

- Super set of 22V10, 32VX10 and 
20RA10 PAL® ICs 

• Two fully programmable arrays eliminate 
“P-term Depletion” 

- Up to 64 P-terms per OR function 

• Improved Output Macro Cell Structure 

- Individually programmable as: 

* Registered Output with feedback 

* Registered Input 

* Combinatorial I/O with Buried Register 

* Dedicated I/O with feedback 

* Dedicated Input (combinatorial) 

- Bypassed Registers are 100% functional 
with separate input and feedback paths 

- Individual Output Enable control 
functions 

* From pin or AND array 

• Reprogrammable - 100% tested for 
programmability 

• Eleven clock sources 

• Register Preload and Diagnostic Test Mode 
Features 

• Security fuse 

APPLICATIONS 

• Mealy or Moore State Machines 

- Synchronous 

- Asynchronous 

• Multiple, independent State Machines 

• 1 0-bit ripple cascade 

• Sequence recognition 

• Bus Protocol generation 

• Industrial control 

• A/D Scanning 


PIN CONFIGURATIONS 


FA and N Packages 

10/CLK [T 


N±] Vcc 

it OF 





N M8 

13 [T 



k 0E 


20] M6 

15 \± 

z' N 

1 ) 

iH M5 

16 [ 7 

v / 

Tf[| M4 

17 Of 



18 [£ 


[Tel M2 






mo 

GND Q2j 


T5] 19/DE 


N = Plastic DIP (300mil-wide) 

FA - Ceramic DIP with Quartz Window (300mil-wide) 


A Package 
10/ 

12 II CLKN/CV cc M9 M8 



ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Ceramic Dual In-Line with window, 

Reprogrammable (300mil-wide) 

PLC42VA12FA 

1478A 

24-Pin Plastic Dual In-Line, 

One Time Programmable (300mil-wide) 

PLC42VA12N 

0410D 

28-Pin Plastic Leaded Chip Carrier, 

One Time Programmable (450mil-wide) 

PLC42VA12A 

0401 F 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
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LOGIC DIAGRAM 
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FUNCTIONAL DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

v cc 

Supply voltage 

-0.5 to +7 

Voc 

V*i 

Input voltage 

—0.5 to Vqc +0.5 

Vdc 

V OUT 

Output voltage 

-0.5 to Vcc +0 5 

Vqc 

■in 

Input currents 

-10 to +10 

mA 

■out 

Output currents 

+24 

mA 

Tamb 

Operating temperature range 

0 to +75 

°C 

Tstg 

Storage temperature range 

-65 to +150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


AC TEST CONDITIONS 



VOLTAGE WAVEFORMS 
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DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V <Vcc< 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 

MIN | TYP 1 | MAX 

| Input voltage 2 | 

V |L 

Low 

V C c = MIN 

-0.3 


0.8 

V 

VlH 

High 

Vcc = MAX 

2.0 


Vcc + 0.3 

V 

| Output voltage 2 j 

VoL 

Low 

Vqc = MIN; lot = 16mA 


0.3 

0.5 

V 

VOH 

High 

Vcc = MIN; Iqh = —3.2mA 

2.4 

4.3 


V 

| Input current | 

IlL 

Low 

| V ]N = GND ! 


-1 

-10 

pA 

IlH 

High 

o 

o 

> 

II 

z 

> 


+ 1 

10 

pA 

| Output current 1 

lo(OFF) 

Hi-Z state 

VoilT = Vcc 

Vout = GND 


mm 

10 

-10 

pA 

los 

Short-circuit 3 - 7 

Vout = GND 



-130 

mA 

'cci 

Vcc supply current (Active) 4 

Iout = 0mA, f = 15MHz 6 , V cc = MAX 


90 

120 

mA 

ICC2 

V C c suppiy current (Active) 5 

lour = 0mA, f = 15MHz 6 , V cc = MAX 


70 

100 

mA 

| Capacitance | 

C| 

Input 

Vcc = 5V; V| N = 2.0V 


12 


pF 

C B 

I/O 

V B = 2.0V 


15 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V. T arT t) = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one at a time. 

4. Tested with V| L = 0.45V, V :H = 2.4V. 

5. Tested with V| L = 0V, V| H = Vcc- 

6. Refer to Figure 1 , Alec vs Frequency (worst case). (Referenced from 1 5MHz) 

The Ice increases by 1 ,5mA per MHz for the frequency range of 16MHz up to 25MHz. 
The Ice remains at a worst case for the frequency range of 26MHz up to 37MHz. 

The l C c decreases by 1 ,0mA per MHz for the frequency range of 14MHz down to 1 MHz. 
The worst case Ice is calculated as follows: 

- All dedicated inputs are switching. 

- All OMCs are configured as JK flip-flops in the toggle mode. . .all are toggling. 

- All 1 2 outputs are disabled. 

- The number of product terms connected does not impact the Ice- 

7. Refer to Figure 2 for Atpp vs output capacitance loading. 
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(Worst Case) (Referenced from 15MHz) 
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AC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V < Vcc < 5.25V; R, = 238£2, R 2 = 1 70Q 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST 2 

CONDITION 
(C L (pF)) 

PLC42VA1 2 

UNIT 

MIN 

TYP 1 

MAX 

Set-up Time 

lisi 

Input; dedicated clock 

(1, B, M) +/- 

CK+ 

50 

23 

16 


ns 

1|S2 

Input; P-term clock 

(1, B, M) +/- 

(1, B, M) +/- 

50 

20 

13 


ns 

1|S3 3 

Preload; dedicated clock 

(M) +/- 

CK+ 

50 

10 

3.5 


ns 

1|S4 3 

Preload; P-term clock 

(M) +/- 

(1, B, M) +/- 

50 

2 

-1.0 


ns 

t|S5 3 

Input through complement array; 
dedicated clock 

(1, B, M) +/- 

CK+ 

50 

50 

34 


ns 

t|S6 3 

Input through complement array; 

P-term clock 

(1, B, M) +/- 

(1, B, M) +/- 

50 

40 

30 


ns 

Propagation Delay 

tPDI 

Propagation Delay 

(1, B, M) +/- 

(1, B, M) +/- 

50 


20 

35 

ns 

IPD2 

Propagation Delay with complement 
array (2 passes) 

(1, B,) +/- 

(1, B, M) +/- 

50 


36 

55 

ns 

ICKOI 

Clock to Output; Dedicated clock 

CK+ 

(M) +/- 

50 


13 

17 

ns 

1CK02 

Clock to output; P-term clock 

(1, B, M) +/- 

(M) +/- 

50 


18 

27 

ns 

*RP1 

Registered operating period; 

Dedicated clock (tisi + tcxoi) 

(1, B, M) +/- 

(M) +/- 

50 


29 

40 

ns 

1rP2 

Registered operating period; 

P-term clock (t| S2 + tc« 02 ) 

(1, B, M) +/- 

(M) +/- 

50 


31 

47 

ns 

tRP3 3 

Register preload operating period; 
Dedicated clock {tjs 3 + tcxoi) 

(M) +/- 

(M) +/- 

50 

| 

16.5 

27 

ns 

tRP4 3 

Register preload operating period; 

P-term clock (t|S 4 + 1cko2) 

(M) +/- 

(M) +/- 

50 


17 

29 

ns 

1rP5 3 

Registered operating period with comple- 
ment array; dedicated clock (t| S s + tcxoi) 

(1, B, M) +/- 

(M) +/- 

50 

m 

47 

67 

ns 

tRP6 3 

Registered operating period with 
complement array; P-term clock 
(t|S6 + tcxo2) 

(1, B, M) +/- 

(M) +/- 

50 

m 

48 

67 

ns 

t0E1 

Output Enable; from /OE pin 4 

/OE- 

(M) +/- 

50 


10 

20 

ns 

tOE2 

Output Enable; from P-term 4 

(1, B, M) +/- 

(B, M) +/- 

50 


12.5 

25 

ns 

*OD1 

Output Disable; from /OE pin 4 

/OE + 

Outputs dis- 
abled 

5 


10 

20 

ns 

10D2 

Output Disable; from P-term 4 

(1, B, M) +/- 

Outputs dis- 
abled 

5 


14.5 

25 

ns 

‘PRO 3 

Preset to Output 

(1, B, M) +/- 

(M) +/- 

50 


25 

35 

ns 

IPPR 3 

Power-on Reset (Mn = 1 ) 

Vcc + 

(M) +/- 

50 



15 

ns 

Hold Time 

1|H1 

Input (Dedicated clock) 

CK+ 

(1, B, M) +/- 

50 

0 

-13 


ns 

*IH2 

Input (P-term clock) 

(1, B, M) +/- 

(1, B, M) +/- 

50 

5 

na 


ns 

t|H3 3 

Input; from Mn (Dedicated clock) 

CK+ 

(M) +/- 

50 

5 

-1.5 


ns 

1|H4 3 

Input; from Mn (P-term clock) 

(1, B, M) +/- 

(M) +/- 

50 

10 

3.5 


ns 

Pulse Width 

ICKHI 

Clock High; Dedicated dock 

CK+ 

CK- 

50 

10 

5 


ns 

fcXLI 

Clock Low; Dedicated clock 

CK- 

CK+ 

50 

10 

5 


ns 

tCKH2 

Clock High; P-term clock 

CK+ 

CK- 

50 

15 

7 


ns 

1CKL2 

Clock Low; P-term clock 

CK- 

CK+ 

50 

15 

7 


ns 

tpRH 3 

Width of preset/reset input pulse 

(1, B, M) +/- 

(1, B, M) +/- 

50 

30 

7 


ns 


Notes on page 316. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
0°C < T amb < +75°C, 4.75V < V cc ^ 5.25V; R, = 2380, R 2 = 1700 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST 2 

CONDITION 

<C L (pF)) 

PLC42VA12 

UNIT 

MIN 

TYP 1 

MAX 

Frequency of Operation 

fcKI 

Dedicated clock frequency 

C+ 

C+ 

50 

50 

100 


MHz 

fcK2 

P-term clock frequency 

C+ 

c+ 

50 

33 

71.4 


MHz 

fMAXI 

Registered operating frequency; 
Dedicated clock (tisi + tcxoi) 

(1, B, M) +/- 

(M) +/- 

50 

25 

34.5 


MHz 

fMAX2 

Registered operating frequency; 
P-term clock (t| S2 + tc K Q 2 ) 

(1, B, M) +/- 

(M) +/- 

50 

21.3 

32.3 


MHz 

fMAX3 3 

Register preload operating 
frequency; Dedicated clock 
(t|S3 + tcKOl) 

(M) +/- 

(M) +/- 

50 

37 

60.6 

■ 

MHz 

<MAX4 3 

Register preload operating 
frequency; P-term clock 

(t|S4 + tcK02) 

(M) +/- 

(M) +/- 

50 

34.5 

58.8 

■ 

MHz 

IMAX5 3 

Registered operating frequency 
with complement array; 

Dedicated clock (tis 5 + tc KO i) 

(1, B, M) +/- 

(M) +/- 

50 

14.9 

21.3 

■ 

MHz 

fMAX6 3 

Registered operating frequency 
with complement array; 

P-term clock (t| S 6 + tcK 02 ) 

(1, B, M) +/- 

(M) +/- 

50 

14.9 

20.8 

■ 

MHz 


NOTES: 

1 . All typical values are at V C c = 5V, T amb = +25°C. These limits are not tested/guaranteed. 

2. Refer also to AC Test Conditions (Test Load Circuit). 

3. These limits are not tested, but are characterized periodically and are guaranteed by design. 

4. For 3-State output; output enable times are tested with C L = 50pF to the 1 .5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (Vqh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vql + 0.5V) level with St closed. 


BLOCK DIAGRAM 
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OUTPUT MACRO CELL (OMC) 



Output Macro Cell Configuration 

Philips Semiconductors unique Output Macro 
Cell design represents a significant 
advancement in the configurability of 
multi-function Programmable Logic Devices. 

The PLC42VA12 has 10 programmable 
Output Macro Cells. Each can be individually 
programmed in any of 5 basic configurations: 

• Dedicated I/O (combinatorial) with 
feedback to AND array 

• Dedicated Input 

• Combinatorial I/O with feedback and 
Buried Register with feedback (register 
bypass) 

• Registered Input 

• Registered Output with feedback 

Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND 
array) or clocked from an external source. 
With these additional programmable options, 
it is possible to program each Output Macro 
Cell in any one of 14 different configurations. 


These 14 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA12 the most versatile and silicon 
efficient of all the Output Macro Cell-type 
PLDs. 

The most significant Output Macro Cell 
(OMC) feature is the implementation of the 
register bypass function. Any of the 10 J-K/D 
registers can be individually bypassed, thus 
creating a combinatorial I/O path from the 
AND array to the output pin. Unlike other 
Output Macro Cell-type devices, the register 
in the OMC is fully functional as a buried 
register. Furthermore, both the combinatorial 
I/O and the buried register have separate 
input paths (from the AND array) and 
separate feedback paths (to the AND array). 
This feature provides the capability to operate 
the buried register independently from the 
combinatorial I/O. 

The PLC42VA1 2 is ideally suited for both 
synchronous and asynchronous logic 
functions. Eleven clock sources - 10 driven 
from the AND array and one from an external 


source - make it possible to design 
synchronous state machine functions, 
event-driven state machine functions and 
combinatorial (asynchronous) functions all on 
the same chip. 

Sophisticated control functions support 
individual OE control and Reset functions 
from the AND array. OE control is also 
available from the 19/OE pin. Register Preset 
and Load functions are controlled from the 
AND array, in 2 banks of 4 for OMCs Ml - 
M8. Output Macro Cells MO and M9 have 
individual Preset and Load Control terms. 

Output Polarity for the combinatorial I/O 
paths is configurable via 1 2 programmable 
EX-OR gates. The output of each register 
can be configured as inverting (active Low) or 
non-inverting (active High) via manipulation of 
the logic equations. 

The output of each buried register can also 
be configured as inverting or non-inverting via 
the input buffer which feeds back to the AND 
array. 
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS OMC Programmable Options 

For purposes of programming, the Output 
Macro Cell should be considered to be 
partitioned into five separate blocks. As 
shown in the drawing titled “Output Macro Cell 
Programmable Options”, the programmable 
blocks are: Register Select Options, Polarity 
Options, Clock Options, OMC Configuration 
Options and Output Enable Control Options. 

There is one programmable location 
associated with each block except the Output 
Enable Control block which has two 
programmable fuse locations per OMC. 

The following drawings detail the options 
associated with each programmable block. 
The associated programming codes are also 
included. The table titled “Output Macro Cell 
Configurations” (page 323) lists all the 
possible combinations of the five 
programmable options. 

ARCHITECTURAL OPTIONS 

REGISTER SELECT OPTIONS Register Select Options 

Each OMC Register can be configured either 
as a dedicated D-type or a J-K flip-flop. The 
Flip-Flop Control term, Fc, provides the 
option to control each Register 
dynamically— switching from D-type to J-K 
type, based on the Fc control signal. 

Register Preset and Reset are controlled 
from the AND array. Each OMC has an 
individual Reset Control term (RMn). The 
Register Preset function is controlled in two 
banks of 4 for OMCs Ml - M3 and M4 - M8 
(via the control terms PA and PB). OMCs MO 
and M9 have individual control terms (PMO 
and PM9 respectively). 
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REGISTER SELECT OPTIONS (Continued) 


FROM 
OR ARRAY 


FROM 
AND ARRAY 



POLARITY OPTIONS (for Combinatorial I/O Configurations Only 1 ) 



Polarity Options 

When an OMC is configured as a 
Combinatorial I/O with Buried Register, the 
polarity of the combinatorial path can be 
programmed as Active-High or Active-Low. A 
configurable EX-OR gate provides polarity 
control. 

If an OMC is configured as a Registered 
Output, /Q is propagated to the output pin. 
Note that either Q or /Q can be fedback to 
the AND array by manipulating the feedback 
logic equations. (TRUE or COMPLEMENT). 


CLOCK OPTIONS 



Notes on page 323. 


Clock Options 

In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the 
External Clock pin (Iq/CLK pin 1). Each OMC 
can be individually programmed such that its 
P-term Clock (CK n ) is enabled, thus disabling 
it from the External Clock and providing 
event-driven clocking capability. 

This feature supports multiple state machines, 
clocked at several different rates, all on one 
chip, or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip-flops. 
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OUTPUT MACRO CELL CONFIGURATION OPTIONS 



OMC CONFIGURATION 


REGISTERED OUTPUT 
(Dor JK) 

A 


FROM 

OR 

ARRAY 



M 


L 



Notes on page 323. 


OMC Configuration Options 

Each OMC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatorial I/O with Buried Register. 
Dedicated Input and dedicated I/O 
configurations are also possible. 

When the Combinatorial I/O option is selected, 
(the Register Bypass option), the Buried 
Register remains 100% functional, with its 
own inputs from the AND array and a separate 
feedback path. This unique feature is ideal for 
designing any type of state machine; 
synchronous Mealy-types that require both 
Buried and Output Registers, or asynchronous 
Mealy-types that require buried registers and 
combinatorial output functions. Both 
synchronous and asynchronous Moore-type 
state machines can also be easily 
accommodated with the flexible OMC 
structure. 


Note that an OMC can be configured as 
either a Combinatorial I/O (with Buried 
Register) or a Registered Output with 
feedback and it can still be used as a 
Registered Input. By disabling the outputs via 
any OE control function, the M pin can be 
used as an input. When the Load Control 
P-term is asserted HIGH, the register is 
preloaded from the M pin(s). When the Lc 
P-term is Active-Low and the output is 
enabled, the OMC will again function as 
configured (either a combinatorial I/O or a 
registered output with feedback). This feature 
is suited for synchronizing input signals prior 
to commencing a state sequence. 
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OUTPUT CONTROL OPTIONS 



E,| FUSE 

CODE 

FROM OE PIN 

A 


OE CONTROL FUSE 

CODE 

FROM OE PIN 

A 


Output Enable Control Options 

Similar to the Clock Options, the Output 
Enable Control for each OMC can be 
connected either to an external source 
(19/01=, pin 13) or controlled from the AND 
array (P-terms DM n ). Each Output can also 
be permanently enabled. 

Output Enable control for the two 
bi-directional I/O (B pins 10 and 11) is from 
the AND array only (P-terms DBO and DB1 
respectively). 


DM 



TO 

AND ARRAY 


OE FUSE 

CODE 

E n FUSE 

CODE 

FROM P-TERM CONTROL 

• 

FROM P-TERM CONTROL 

A orO 


OMC 

CONFIG. 

OPTIONS 


— o 


a m 


TO 

AND ARRAY 


53 - 


Ef| FUSE 

CODE 

ALWAYS ENABLED 

0 


OE CONTROL FUSE 

CODE 

ALWAYS ENABLED 

A 


COMPLEMENT ARRAY DETAIL 


p 63 P62 P 61 • • • • p 1 Po PC LM„ • • • PM n RM n 





















— 

• 

• 

• 







1 


• 

• 

• 

CO 











PC 



PC 

PC 


P-C 

PC 

p 


Y 

TO OR ARRAY 




TO OMCs AND BIDIRECTIONAL I/O 


Notes on page 323. 


Complement Array Detail 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 

Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 
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LOGIC PROGRAMMING 

The PLC42VA12 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLC42VA1 2 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

LOGIC IMPLEMENTATION 


PLC42VA12 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. Symbols for OMC 


configuration have been previously defined in 
the Architectural Options section. 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


“AND” ARRAY - (I), (B), (Qp) 



“COMPLEMENT” ARRAY - (C) 



“OR” ARRAY - (J-K Type) 



Notes on page 323. 

ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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LOGIC IMPLEMENTATION (Continued) 
OUTPUT MACRO CELL CONFIGURATIONS 


OUTPUT MACRO CELL 
CONFIGURATION 

PROGRAMMING CODES 

REGISTER SELECT 
FUSE 

OMC CONFIGURATION 
FUSE 

POLARITY 

FUSE 

CLOCK 

FUSE 

Combinatorial I/O with Buried D-type register 

External clock source 

A 

• 

H or L 

A 

P-term clock source 

A 

• 

HorL 

• 

Combinatorial I/O with Buried J-K type register 

External clock source 

• 

• 

HorL 

A 

P-term clock source 

• 

• 

H orL 

• 

Registered Output (D-type) with feedback 

External clock source 

A 

A 

N/A 

A 

P-term clock source 

A 

A 

N/A 

• 

Registered Output (J-K type) with feedback 

External clock source 

• 

A 

N/A 

A 

P-term clock source 

• 

A 

N/A 

• 

Registered Input (Clocked Preload) with feedback 

External clock source 

A 

A or » 5 


A 

P-term clock source 

A 

A or * 5 

H3HHI 

• 



OUTPUT CONTROL FUSES 


OUTPUT ENABLE CONTROL 8 
CONFIGURATION 

OE CONTROL FUSE 

En FUSES 

CONTROL SIGNAL 

OMC controlled by /OE pin 

Output Enabled 

A 

A 

Low 

Output Disabled 



High 

OMC controlled by P-term 

Output Enabled 

• 

A or 0 

High 

Output Disabled 



Low 

Output always Enabled 

A 

0 

Not Applicable 


NOTES: 

1 . This is the initial (unprogrammed) state of the device. 

2. Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 

3. To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 

4. The OMC Configuration fuse must be programmed as Combinatorial I/O in order to make use of the Polarity Option. 

5. Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P-term must be asserted Active-High. 

6. Output must be disabled. 

7. Program code definitions: 

A = Active (unprogrammed fuse) 

0, • = Inactive (programmed fuse) 

- = Don’t Care (both TRUE and COMPLEMENT fuses unprogrammed) 

H = Active-High connection 
L = Active-Low connection 

8. OE control for BO and B1 (Pins 10 and 11) is from the AND array only. 
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TIMING DIAGRAMS 


TIMING DEFINITIONS 



PARAMETER 


Clock Frequency; External Clock 


Clock Frequency; P-term Clock 


Width of Input Clock Pulse; 
External Clock 


Width of Input Clock Pulse; 
P-term Clock 


Interval between Clock pulses; 
Externa) Clock 


Interval between Clock Pulses; 
P-term Clock 


Delay between the Positive 
Transition of External Clock and 
when M Outputs become valid. 

Delay between the Positive 
Transition of P-term Clock and 
when M Outputs become valid. 

Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 
External Clock. 

Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using 
Preload Inputs (from M pins) and 
External Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become valid when using Preload 
inputs (from M pins) and P-term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and External clock. 


Delay between beginning of Valid 
Input and when the M outputs 
become Valid when using Com- 
plement Array and P-term Clock. 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 


Minimum guaranteed Operating 
Frequency; P-term Clock 


Minimum guaranteed Operating 
Frequency using Preload; 
Dedicated Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Preload; P-term 
Clock (M pin to M pin) 


Minimum guaranteed Operating 
Frequency using Complement 
Array; Dedicated Clock 


Minimum Operating Frequency 
using Complement Array; P-term 
Clock 


Required delay between positive 
transition of External Clock and 
end of valid input data. 
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TIMING DIAGRAMS (Continued) 


TIMING DEFINITIONS (Continued) 



l,B,M 

(INPUTS) 


P-TEHM OR 
EXTERNAL CK 


PHESET/HESET 
(I, B, M INPUTS) 


M 

(OUTPUTS) 


3G 




h — 'IS - 


tpRH * 


•IS 


'-‘CKO-*! 


V (PRESET) \/~ 


‘PRO- 




+3V 

OV 

+3V 

OV 


VOH 

VOL 


‘Preset and Reset functions override Clock. However, M outputs may glitch 
with the first positive Clock Edge if t|g cannot be guaranteed by the user. 


Asynchronous Preset/Reset 



Power-On Reset 


SYMBOL 

PARAMETER 

t|H2 

Required delay between positive 
transition of P-term Clock and 
end of valid input data. 

t|H3 

Required delay between positive 
transition of External Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 

*IH4 

Required delay between positive 
transition of P-term Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 

t|S1 

Required delay between begin- 
ning of valid input and positive 
transition of External Clock. 

t|S2 

Required delay between begin- 
ning of valid input and positive 
transition of P-term Clock input. 

t|S3 

Required delay between 
beginning of valid Preload input 
(from M pins) and positive 
transition of External Clock. 

t|S4 

Required delay between 
beginning of valid Preload input 
(from M pins) and positive 
transition of P-term Clock input. 

l IS5 

Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of External Clock. 

t|S6 

Required delay between 
beginning of valid input through 
Complement Array and positive 
transition of P-term Clock input. 

tOEl 

Delay between beginning of 

Output Enable signal (Low) from 
/O E pin and when Outputs 
become valid. 

*OE2 

Delay between beginning of 

Output Enable signal (High or 

Low) from OE P-term and when 
Outputs become valid. 

toDI 

Delay between beginning of 

Output Enable signal (HIGH) from 
/OE pin and when Outputs 
become disabled. 

k)D2 

Delay between beginning of 

Output Enable signal (High or 

Low) from OE P-term and when 
Outputs become disabled. 

tpD 

Delay between beginning of valid 
input and when the Outputs be- 
come valid (Combinatorial Path). 

tpRH 

Width of Preset/Reset Pulse. 

tpRO 

Delay between beginning of valid 
Preset/Reset Input and when the 
registered Outputs become 

Preset (“1”) or Reset (“0”). 

VPR 

Delay between V C c (after 
power-up) and when flip-flops 
become Reset to “0”. Note: Signal 
at Output (M pin) will be inverted. 
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PLC42VA12 


LOGIC FUNCTION 


Q 3 

02 

oi 

Q0 

e 

M 

□ 

IM 

STATE REGISTER 

E 

E 

Mil 


Sr ) PRESENT STATE 
SBC-... 
(S„ + 1 ) NEXT STATE 


SET Qo: Jo - (^2 * ^1 * Qo) * A ■ B * C . . . 

Ko = 0 

RESET Q,:J 1 = 0 

^1 = (Q3 ' Q2 " ’ A ' H • C . . . 

HOLDQ 2 : J 2 = 0 
K 2 sO 

RESET Q3: J3 = (Q3 • O2 * Qi - Qo) ' A * B • C . . . 

K3 = (Q3 • 0 2 • Q3 ■ Qq) • A ■ B ■ C . . . 


NOTE: 

Similar logic functions are applicable for D 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


0E 


CK„ 

Pn 

Rn 

J 

K 

Q 

M 

H 



Hi-Z 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

X 

X 

H 

L 

X 

X 

H 

L 

L 

X 

X 

L 

H 

X 

X 

L 

H 

L 

L 

t 

L 

L 

L 

L 

Q 

O 

L 

L 

T 

L 

L 

L 

H 

L 

H 

L 

L 

T 

L 

L 

H 

L 

H 

L 

L 

L 

T 

L 

L 

H 

H 

0 

Q 

H 

H 

t 

L 

L 

L 

H 

L 

H* 

H 

H 

t 

L 

L 

H 

L 

H 

L* 

+10V 

X 

t 

X 

X 

L 

H 

L 

H** 


X 

T 

X 

X 

H 

L 

H 

L** 


NOTES: 

1 . Positive Logic: 

J-K — Tq + T-| + T 2 + ... + T3-1 
T n =U • (10 II • 12...) • (QO • QI...) • 
(B0-B1...) 

2. T denotes transition for Low to High level. 

3. X = Don't care 

4. * = Forced at M n pin for loading the J-K 
flip-flop in the Input mode. The load 
control term, L n must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, Q = H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F n pin to load J/K flip-flop 
(Diagnostic mode). 


PLC42VA1 2 UNPROGRAMMED 
STATE 

A factory shipped unprogrammed device is 
configured such that all cells are in a 
conductive state. 

The following are: 

ACTIVE: 

- OR array logic terms 

- Output Macro Cells Ml - M8; 

• D-type registered outputs (D = 0) 

- External clock path 

- Inputs: BO, B1, MO, M9 

INACTIVE: 

- AND array logic and control terms (except 
flip-flop mode control term, Fg) 

- Bidirectional I/O (BO, B1); 

• Inputs are active. Outputs are 3-Stated 
via the OE P-terms, DO and D1 . 

• D-type registers (D = 0). 

- Output Macro Cells MO and M9; 

• Bidirectional I/O, 3-Stated via the OE 
P-terms, DM0 and DM9. The inputs are 
active. 

- P-term clocks 

- Complement Array 

- J-K Flip-Flop mode 


PROGRAMMING AND 
SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) in this data handbook for 
additional information. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the 
PLC42VA12 devices are such that erasure 
begins to occur upon exposure to light with 
wavelength shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000 - 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC42VA12 in approximately three 
years, while it would take approximately one 
week to cause erasure when exposed to 
direct sunlight. If the PLC42VA1 2 is to be 
exposed to these types of lighting conditions 
for extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 
PLC42VA12 is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e„ UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm 2 . The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000pW/cm 2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm 2 
(1 week@ 12000pW/cm 2 ). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 

The maximum number of guaranteed 
erase/write cycles is 50. Data retentions 
exceeds 20 years. 
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PROGRAM TABLE 








POLARITY | 






TTTI 1 1 IJ-L 

i i i ii ii i i i i 

1 

| 

i 



ss 



mm 

ras 

■ 

□ 

rsm 

■ 

■ 


Cl 



PG 



DE 

N 



E 

D 

E 

D 

■ 

■ 

□ D 

M 

M 

C 

D 

□□ 

n 

M 

□ 

a 

E 

□ 

■ 

■ 

□E 

H 


n 

□E 

H 





□ 

■ 

■ 



E 

□E 

M 

E 

■ 

■ 

■ 

□ 

■ 

■ 

□ 

Uu 

■■ 

□ 

□ 

nti 

■■ 

El 

■l 

■1 

■ 

P 

■ 

0 

: 

Fa 

a 

KB 



U 

FI 



ra 

■■ 

n 







■■ 

mu 

urn 



u 

■■ 

n 

n 





U 

n 

ra 



U 

■■ 

ra 





: 

ra 

ra 



um 

n 

: 

= 

I 

■ 

SS 

n 



SS 

u 

» 

n 

i 

: 

; 

i 








-h 







mu 



T 





x 



SS 









X 

' 


- 

: 

ra 



n 


P 




KB 

ms 



U 

■■ 



u 

■a 







u 

■■ 



u 

■■ 

n 





u 

ra 



u 

ra 

n 





: 

n 


p 

u 

ra 

p 

p 

p 


u 



M 

U 

U 


p 



_ 

■- 

ms 

am 

ua 



n 

M 

SB 

u 










m 

M 

u 



ra 

ss 

■■ 





n 

ra 

u 



n 

ra 

u 

u 





- 

n 

u 


i 

| 

1 

- 

: 


n 

x 



ra 

ra 

n 

mm 


p 


" 

P 

■n 



n 

M 



_L 


- 





ra 

t 

" 

■■ 

n 

mm 





™ 



M 





: 

§s 

t 

1 

ra 

X 

X 




SS 

■■ 



mm 


P 

] 

] 

P 




T 




i 

| 





X 








X 



X 






x 



x 

















T 




i 

| 





1“ 



u 





x 



U 






X 

■ 

■ 




















- 








■■ 


■ 

■■ 





X 

■ 

■ 

u 

■ 





x 

■ 

■ 




_ 




- 





p 





n 


■ 

n 

- 








■ 

n 





n 

■ 








■■ 

■ 

■ 

■■ 





















- 







■ 

■ 









x 

■ 

■ 

■ 



_u 

■ 

■ 





■ 

■■ 

■ 

■ 

■■ 






m 



X 



X 

■ 






, 


■ 

X 






_ 

_ 

$ 



■ 



X 



x 


- 

- 


n 

■ 

■ 

■■ 

- 




- 




s 


- 

mm 

r 






T 

" 

r 

u 




- 1 


r 

r 

X 

r 

r 



_ 

mm 

r 

” 

mm 


_ 




“ 

- 

X 





“ 




■i 



■■ 

1 






x 


■ 

■■ 





x 



X 



L 



um 



u 








X 





















■ 

ST 

■ 







X 

■ 

■ 

■ 



X 



X 



. 



■ 

■ 

um 






ri 





- 


■ 







■ 

■ 

x 

■ 









□ 





■ 

■ 

m 





um 

■ 

■ 

■■ 













1 






(-4— 


■ 

x 









■ 


_ 



1 









■ 

■ 

mu 






















X 








x 


■ 

■ 






X 








-4- 










■ 


■■ 



- 


- 


■■ 



■■ 








u 

■ 





x 

■ 

■ 








- 

X 









■i 

| 

| 

■I 

— 









■■ 





■■ 

■ 



■ 

■ 

■ 



u 

■ 

■ 

M 


















■ 

■ 


I 

| 





i 



IB 














H 

■ 

■ 

■■ 




■ 


■ 

■ 

UM 






El 







1 






x 

















_L 




- 



■ 

M 

■ 

■ 

■■ 









H— 



















31 

■ 







\ 




p 



. 




ra 



□ 






"1” 




I 






i 










■ 
















r 


-i- 






K71 






■■ 

1 






■■ 



■■ 





■■ 



u 






x 











— i — 






d 







| 









n 






J 


n 






X 



~r 




_ 






- 

- 






mu 




1 









n 















■ 

■ 

x 



■ 

■ 

um 



u 









~r 



M 

- 






X 



M 








X 






ra 

■ 

■ 

i 



■ 

■ 

_L_ 

■ 

■ 

i 










| 

| 








x 



M 

■ 







X 






ra 

■ 

■ 





_ 


■ 

■ 

X 






ca 



WLM 

1 

1 

X 

1 







■ 

■ 

ma 

■ 




u 

: 


u 






X 








n 















■ ■ 

1 






X 


■ 

■■ 

■ 




■■ 

■ 

. 

■■ 

■ 





U 








X 



M 






m 



n 

1 









n 

‘ 

■ 

n 

■ 



■ 

n 



n 












■ 

■ 
















_u 










, 







i 


■ 

■ 



_ 

X 



ra 



■ 

■ 

mm 


L 




















H 



X 





X 

~ 










j 









X 








- 1 




-t- 







MM 



x 















■ 

■ 















Cl 



T 



■ I 








■ 

■ 

mm 





~r 

■ 

■ 

u 

■ 






_ 






























■ 

■ 

■■ 





n 

■ 

■ 

■■ 

















M 












x 








■ 

■ 

mu 





_L 




















X- 






C9 






x 







, 

■ 

■ 

, 






■ 

■ 















u 















X 

I 






X 



X 






■ 

■ 















■■ 



■■ 






d 



-1- 










X 

n 







x 










■ 

■ 









X 










— 


U 

1 






■■ 



um 





u 

_ 

_ 

u 







■ 

■ 









-l- 






Cl 



■■ 



II 







■■ 

■ 

■ 

■■ 





X 



n 

■ 







— 



























1 


■ 

■ 

i 





i 










■ 

■ 

u 








mm 









in 










H 



uu 





M 






■ 



n 

■ 

■ 

n 








mm 









x 

| 

| 








X 

■ 


x 














n 








■■ 



n 









■i 

| 

| 

u 







x 

■ 


X 





X 









x 








ra 

■ 












1 

1 

■■ 







■ ■ 

■ 


■■ 





■■ 

■ 
















Mi 

■ 





















n 



ra 

■ 




n 

■ 








um 






1 

■ 

x 

■ 













- 1 








n 




■ 













mm 

i 

1 

u 



1 

1 

X 









d 




1 

| 








x 



M 





ra 

■ 








i 

■ 

1 

X 

■ 

1 


1 


■ 



■ 

■ 




m 




1 

1 








x 



U 





X 



u 






5 

£3 



EI 

E 

E 

D 
















■■ 



u 








u 




1 



1 


1 

l 










1 

■■ 

■ 






■■ 



■■ 





X 



ra 









1 

n 

1 









ra 












rcn 






, 

i 

i 





X 



_l_ 








x 




n 




1 

1 

X 

1 

1 





M 



X 









X 




in 





1 

U 







X 



ra 





um 




■ 






■■ 

' 

■ 

■■ 

■ 






■■ 

■ 


ra 





um 



um 









■■ 

1 

1 

■■ 







■■ 



n 





uu 



uu 

■ 



CK n = Asynchronous Clock Control 

Fc = Dynamic Flip-Flop Mode Control 

DM n = OMC Direction Control 

D n = I/O Direction Control 

LM n and LA.B = OMC Load 

PMn and PA.B= Flip-Flop Preset 

RM n = Flip-Flop Reset 






1 


_ 














_L 


■ 

-J- 




pTti 






. 

■ 






X 








M 










X 



x 







x 








H 


■ 

X 







U 

1 

1 

X 

■ 














U 



um 







■I 

1 

1 

■I 

■ 






■I 


■ 

» 





■ ■ 

■ 


■■ 


■ 






1 

■ 

■I 

i 






m 

■ 


n 

■ 




n 

■ 


n 


■ 


KM 



i 





















_i_ 


■ 


P 



H 

1 

1 











X 

■ 




X 



uu 


■ 


EZE 



u 

1 

1 











ra 

■ 







um 




R7I 













■■ 



u 





u 

■ 


um 



■ 





■ 

■ 

■■ 

■ 






■■ 

■ 

■ 

» 

■ 

■ 



» 

■ 


mm 


■ 

■ 

r^i 



n 

■ 

■ 

ra 










ra 

■ 

B 



_l_ 







l;TXl 






i 








■ 

■ 









mu 




B71 



X 



X 







x 



X 





X 



uu 




rrm 



U 



x 




■ 

■ 





u 





u 

■ 


uu 




El 





■ 

u 




■ 

■ 


u 



u 





u 

■ 


um 




im 





■ 








■■ 








H 

■ 


uu 




I3TT1 



n 







■ 



_i_ 



ra 








mu 




m 





■ 





_ 














x 




ET1 





■ 








± 



x 








mm 




m 













X 



u 







■ 

um 




r tm 




■ 

■ 

T 







HF 

■ 







U 

■ 


uu 




Ea 






n 







n 



ra 





n 

■ 


n 




rm 
















n 





_i_ 



_i_ 




nca 
















ra 





X 

■ 


X 




Ezn 
















u 





X 

■ 




■ 

■ 

E2I 






mu 







u 



u 





U 

■ 


U 


■ 

■ 

rrai 



X 



■■ 







X 








H 

■ 


» 




pCTl 













mu 



ra 








n 


■ 

■ 

m 







■ 









ra 





ra 

■ 

■ 



■ 

■ 

Em 







■ 









ra 





X 

■ 

■ 

x 


■ 

■ 

EES 







■ 









u 





x 



x 




n 


E 

EJ 

□ 


□ 

□ 

a 


H 

3 


E 

a 

m 

31 

33 

□ 

D 

a 



H 



p 

1 

1 


1 


1 


i 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



October 22, 1993 


327 




Philips Semiconductors Programmable Logic Devices Product specification 

CMOS programmable multi-function PLD 
(42x105x12) 


PLC42VA12 









Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS programmable logic sequencer 
(17x68x8) 
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DESCRIPTION 

The PLC415-16 PLD is a CMOS 
Programmable Logic Sequencer of the Mealy 
type. The PLC41 5-1 6 is a pin-for-pin 
compatible, functional superset of the 
PLS105 and PLUS405 Bipolar 
Programmable Logic Sequencer devices. 

The PLC415 is ideally suited for high density, 
power sensitive controller functions. The 
Power Down feature provides true CMOS 
standby power levels of less than lOOpA. The 
EPROM-based process technology supports 
operating frequencies of 16 to 20MHz. The 
PLC415-16 has been designed to accept 
both CMOS and TTL input levels to facilitate 
logic integration in almost any system 
environment. 

The PLC41 5 architecture has been tailored 
for state machine functions. Both arrays are 
programmable, thus providing full 
interconnectability. Any one or all of the 64 
AND transition terms can be connected to 
any (or all) of the 8 buried state and 8 output 
registers. 

Two clock sources enable the design of 2 
state machines on one chip. Separate INIT 
functions and Output Enable functions for 
each are controllable either from the array or 
from an external pin. The J-K flip-flops 
provide the added flexibility of the toggle 
function which is indeterminate on S-R 
flip-flops. The programmable Initialization 
feature supports asynchronous initialization of 
the state machine to any user defined 
pattern. 

The unique Complement Array feature 
supports complex ELSE transition statements 
with a single product term. The PLC415-16 
has 2 Complement Arrays which allows the 
user to design two independent complement 
functions. This is particularly useful if two 
state machines have been implemented on 
one chip. 


FEATURES 

• Pin-for-Pin compatible, functional superset 
of PLS105/A and PLUS405 Logic 
Sequencers 

• Zero standby power of less than lOOpA 
(worst case) 

- Power dissipation at f max = 80mA 
(worst case) 

• CMOS and TTL compatible 

• Programmable asynchronous Initialization 
and OE functions 

- Controllable from AND Array or external 
source 

• 17 input variables 

• 8 output functions 

• 68 Product Terms 

- 64 transition terms 

- 4 control terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 Transition Complement Arrays 

• Multiple clocks 

• Diagnostic test modes features for access 
to state and output registers 

• Power-on preset of all registers to “1” 

• J-K flip-flops 

- Automatic Hold states 

• Security Fuse 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Arbitration functions 

• Sequential circuits 

• Security locking systems 

• Counters 

• Shift Registers 


PIN CONFIGURATIONS 


N, FA Packages 


CLK (T 


u v cc 

17 [T 


27] 18 

16 (T 


26] 19 

15/CLK [T 


25) no 

14 (T 


24] 111 

13 [T 

\ 

1 

/ 

23] 112 

12 (T 

/ \ 

||] 113 

n [T 

l 1 

\ / 

HI 114 

lo (T 


20] 115 

F7 (To 


751 INIT/OE 
7^ PD/116 

F6 [TT 


ijj] F0 

F5 [l2 


TTj fi 

F4 |l3 


HD F2 

GND |l4 


IS] F3 


NOTE: 

N - Plastic DIP (600mil-wide) 

FA = Ceramic DIP with Quartz window (600mil-wide) 


A Package 


IS/CLK 16 17 CLK V C C 18 19 



110 

111 

112 

113 

114 

115 

INIT/OE 

PD/116 


NOTE: 

A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

OPERATING 

FREQUENCY 

ORDER CODE 

DRAWING 

NUMBER 

28-Pin Ceramic DIP with window; Reprogrammable (600mil-wide) 

<MAX = 16MHz 

PLC415-16FA 

1478A 

28-Pin Plastic DIP; One-Time Programmable (600mil-wide) 

fMAX = 16MHz 

PLC415-16N 

0413B 

28-Pin Plastic Leaded Chip Carrier; One-Time Programmable (450mil-wide) 

Imax = 16MHz 

PLC415-16A 

0401 F 
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PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK1 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. Pin 1 only clocks P0-3 and FO-3 
if Pin 4 is also being used as a clock. 

Active-High (H) 

2, 3, 5-9, 
26-27 
20-22 

10-14, 17, 16 
18-19 
113-115 

Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H" and “L”. 

Active- High/Low 
(H/L) 

4 

I5/CLK2 

Logic Input/Clock: A user programmable function: 

• Logic Input: A 13th external logic input to the AND array, as above. 

Active- High/Low 
(H/L) 



• Clock: A 2nd clock for the State Registers P4-7 and Output Registers F4-7, as above. 
Note that input buffer Is must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 

Active- High (H) 

23 

112 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +11V, device outputs F0-F7 
reflect the contents of State Register bits P0-P7. The contents of each Output Register 
remains unaltered. 

Active-High/Low 

(H/L) 

24 

111 

Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 111 is held at +11V, device outputs F0-F7 
become direct inputs for State Register bits P0-P7; a Low-to-High transition on the 
appropriate clock line loads the values on pins F0-F7 into the State Register bits P0-P7. 

The contents of each Output Register remains unaltered. 

Active-High/Low 

(H/L) 

25 

no 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 110 is held at +11V, device outputs F0-F7 
become direct inputs for Output Register bits Q0-Q7; a Low-to-High transition on the 
appropriate clock line loads the values on pins F0-F7 into the Output Register bits Q0-Q7. 
The contents of each State Register remains unaltered. 

Active-High/Low 

(H/L) 

10-13 

15-18 

F0-F7 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register Bits Q0-Q7, when enabled. When 112 is 
held at +11 V, F0-F7 = (P0-P7). When 111 is held at +11V, F0-F7 become inputs to State 
Register bits P0-P7. When 110 is held at +11V, F0-F7 become inputs to Output Register 
bits Q0-Q7. 

Active-High (H) 

19 

INIT/CE 

116/PD 

External Initialization, External /OE, PD or 116: A user programmable function: Only one 
of the four options below may be selected. Note that both Initialization and /OE options are 
alternately available via the AND array. (P-terms INA, INB, OEA, and OEB.) 




• External Initialization: Provides an asynchronous Preset to logic “1 ” or Reset to logic 
“0" of any or all State and Output Registers, determined individually on a 
register-by-register basis. INIT overrides the clock, and when held High, clocking is 
inhibited. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after the INIT pulse goes Low. See timing diagrams for tfgvcK and tycx- 
Note that if the External Initialization option is selected, 116 is disabled automatically via the 
design software and the Power Down and External OE options are not available. Internal 

OE is available via P-Terms OEA and/or OEB. This option can be selected for one or both 
banks of registers. 

Active-High (H) 



• External Output Enable: Provides an Output Enable/Disable function for Output 
Registers. Note that if the External OE option is selected, 116 is disabled automatically via 
the design software and the Power Down and External INIT options are not available. 
Internal INIT is available via P-terms INA and/or INB. This option can be selected for one 
or both banks of registers. 

Active-Low (L) 



• Power Down: When invoked, provides a Power Down (zero power) mode. The contents 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, 1^ is disabled automatically via the design software and the 
External INIT and External OE options are not available. Internal INIT is available via 

P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 

Active-High (H) 



• Logic Input: The 1 7th external logic input to the AND array as above. Note that when 
the 116 option is selected, the Power Down, External /OE and External INIT are not 
available. Internal OE and Internal INIT are available from P-Terms OEA/OEB and 

INA/INB, respectively. 

Active-High/Low 

(H/L) 
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TRUTH TABLE 1 - 2 - 3 * 4 > 5 


BH 

OPTION 

*10 

111 

H 



K 

Qp 

Qf 

F 

INIT 

OE 




X 

X 

X 

X 

X 

X 



m 




+11V 

X 

X 

T 

X 

X 



99 




+11V 

X 

X 

T 

X 

X 

mm 

H 

99 


X 


X 

+11V 

X 

T 

X 

X 

■9 

Q F 

■I 


mm 


X 

+11 V 

X 

T 

X 

X 

H 

Qf 

191 


SI 


X 

X 

+11 V 

X 

X 

X 

Qp 

Qf 

1 


MM 


X 

X 

X 

X 

X 

X 

Q P 

Qf 

Mm 

+5V 

. 

■■ 

X 

X 

X 

X 

X 

X 

Q P 

mm 

Hi-Z 


■■l 

MM 

+11 V 

X 

X 

T 

X 

X 

Qp 

MM 

L 


mm 

■9 

+11 V 

X 

X 

T 

X 

X 

Q P 

H 

H 



MM 

X 

+11V 

X 

T 

X 

X 

L 

Qf 

L 


biih 

I I 

X 

+11V 

X 

T 

X 

X 

H 

Qf 

H 



Ifl 

X 

X 

+11 V 

X 

X 

X 

Qp 

Qf 

Q P 



1 

X 

X 

X 

X 

X 

X 

Qp 

Qf 

Qf 


■ 

n 

X 

X 

X 

t 

L 

L 

Qp 

Qf 

Qf 




X 

X 

X 

T 

L 

H 

L 

L 

L 


in— 

B 

X 

X 

X 

t 

H 

L 

H 

H 

H 



ns 

X 

X 

X 

t 

H 

H 

OF 

Of 

Of 

T 

L 

L 

X 

X 

X 

X 

X 

X 

H 

h ssiiiii 


NOTES: 


1 . Positive Logic: 

S/R (or J/K) = T 0 + T, + T 2 + . . . T 63 
T n = (C 0 , 0^(10, II, 12, . . .) (PO, PI . . . P7) 

2. T denotes transition from Low-to-High level. 

3. X = Don’t Care (<5.5V) 

4. H/L implies that either a High or a Low can occur, depending upon user-programmed Initialization selection (each State and Output Register 
individually programmable). 

5. When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1. INIT/OE/PD/116 is set to INIT. In order to 
use the INIT function, the user must 
select either the PRESET or the RESET 
option for each flip-flop. Note that 
regardless of the user-programmed 
initialization, or even if the INIT function is 
not used, all registers are preset to “1" by 
the power-up procedure. 

2. All transition terms are inactive (0). 

3. All J/K flip-flop inputs are disabled (0). 

4. The Complement Arrays are inactive. 

5. Clock 1 is connected to all State and 
Output Registers. 


LOGIC FUNCTION 

(S R ) PRESENT STATE 

T SBC-... 

(s n + J NEXT STATE 

SET Q 0 : Jo = <02 ' Ql ' B ’ C . . . 

Ko = 0 

RESET Q-pJl =0 

Ki = (Q3 ■ t} 2 ’ Qi " Oo! • A ■ B ■ C . . . 
HOLD Q2: J 2 = 0 

k 2 =o 

RESET Q3: J3 = (Q3 • O2 ' Qi ' Oo) ' S * B ■ C . . . 

K3 = (Q3 ■ 0 2 ■ Qi ■ Qo) ‘ S • B • C . . . 


03 Q2 01 00 


□ 

E 

m 

E 

S' 

STATE REGISTER 



^ 

0 

0 

□ 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM 


TO AND , P" 
ARRAY i 




TO OUTPUT 
NS 


FROM OE PIN 19 
OR PTERM OEA (FO-3) 
OR OEB (F4— 7) 


FROM INIT PIN 19 
OR PTERM INA (FO-3) 
OR INB (F4-7) 


FROM CLKl 
ORCLK2 


Detail B 

Output Registers FO - F7 



F4-F7 0E 

FO - F3 OE 



INTERNAL 

OE 

INTERNAL 

OE 

< A„ , i 

l 


POWER V -L ^1 

DOWN — 

r^] 

A 


SELECT 1 ~ 

. 1— 



TO INIT. 
UNES 

■dtr externalL-J 

JL - initoroeYt 

OEB joEA 
-ROM AND 

ARRAY r—i 

OE/1NIT/PD/I16 


116 

TO and 

LJ 

(PIN 19) 






Detail C 

Pin 19 Options: OE, Initialization, Power Down and Input 16 



FROM PIN 19 
CONTROL 


Detail D 

Internal and External Initialization 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM (Continued) 


OEB OEA INB INA P63 P62 • • • P2 PI PO 



Complement Array Detail 


The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 

Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 


all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 

Note that the PLC416-16 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Vcc 

Supply voltage 

+7 

V DC 

V|N 

Input voltage 

+5.5 

V DC 

V OUT 

Output voltage 

+5.5 

Vdc 

•in 

Input currents 

-30 to +30 

mA 

•out 

Output currents 

+100 

mA 

"•"amb 

Operating temperature range 

0 to +75 

°C 

T stg 

Storage temperature range 

-65 to +1 50 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 

0°C S T amb < +75°C, 4.75 <; Vcc *= 5.25V 






! LIMITS 


SYMBOL 

PARAMETER 

| TEST CONDITION j 


TYP 1 | 

MAX j 

UNIT 

| Input voltage 2 j 

V|L 

Low 

Vcc = 

: MIN 

-0.3 


0.8 

V 

V,H 

High 

v cc = 

MAX 

2.0 


V CC + 0.3 

V 

| Output voltage 2 [ 

Vol 

Low 

Vcc = 
•oL = 

• MIN 

16mA 



0.5 

V 

VOH 

High 

] Ioh = -3.2mA j 

2.4 



V 

| Input current \ 

1 IL 

Low 

V| N = 

GND 



-10 

pA 

■|H 

High 

V,N = 

Vcc 



10 

pA 

| Output current | 

■o(OFF) 

Hi-Z state 

VOUT 

= v cc 



10 

pA 


VoUT = 

= GND 



-10 

pA 

los 

Short-circuit 3 - 6 

V 0 UT = 

= GND 



-130 

mA 

ICCSB 

Vcc supply current with PD 
asserted 7 

Vcc = MAX 

V|n = 0 or Vcc 


50 

100 

pA 

Icc 

Vcc supply current Active 4 ' 5 

Iout = 0mA 

at f = 1 MHz 



55 

mA 


(TTL or CMOS Inputs) 

V cc = MAX 

at f = MAX 



80 

mA 

| Capacitance j 

Ci 

Input 

v cc 
V,N = 

= 5V 

2.0V 


12 


pF 

Cb 

I/O 

v B = 

2.0V 


15 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V. Tan* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one at a time . 

4. Tested with TTL input levels: Vn_ = 0.45V, Vih = 2.4V. Measured with all inputs and outputs switching. 

5. Refer to Figure 1 , Icc vs Frequency (worst case). 

6. Refer to Figure 2 for Atp D vs output capacitance loading. 

7. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 
clocks should be at CMOS static levels. 
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AC ELECTRICAL CHARACTERISTICS 

R, = 252C1, R 2 = 1 78i2, 0°C < T amb < +75°C, 4.75 < Vcc S 5.25V 






TEST 

LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Pulse width 

fCKH 

Clock High 

CK+ 

CK- 

30pF 

25 

10 


ns 

tCKL 

Clock Low 

CK- 

CK+ 

30pF 

25 

10 


ns 

*INITH 

Initialization Input pulse 

INIT+ 

INIT- 

30pF 

20 



ns 

Set-up time 

t|S1 

Input 

(D+/- 

CK+ 

30pF 

38 

25 


ns 

flSZ 1 

Input through Complement array 

(!) +/- 

CK+ 

30pF 

60 

40 


ns 

f|SPD 

Power Down Setup (from PD pin) 

PD+ 

CK+ 

30pF 

38 

15 


ns 

( ISPU 

Power Up Setup (from PD pin) 

PD- 

First Valid CK+ 

30pF 

38 

30 


ns 

W 

Power on Preset Setup 

Vcc+ 

CK- 

30pF 

0 



ns 

IVCKI 

Clock resume (after INIT) when 
using INIT pin (pin 19) 

INIT- 

CK- 

30pF 

10 

-5 


ns 

WCK2 1 

Clock resume (after INIT) when 
using P-term INIT (from AND array) 

(1) +/- 

CK- 

30pF 

20 

8 


ns 

WCKI 

Clock lockout (before INIT) when 
using INIT pin (pin 19) 

CK- 

INIT- 

30pF 

10 

-3 


ns 

1NVCK2 1 

Clock lockout (before INIT) when 
using P-term INIT (from AND array) 

CK- 

INIT- 

30pF 

0 

-5 


ns 

Propagation delays 

feKO 

Clock to Output 

CK+ 

(F) +/- 

30pF 


15 

22 

ns 

VDZ 

Power Down to outputs off 

PD+ 

Outputs Off 

5pF 


25 

30 

ns 

fpUAI 

Power Up to outputs Active 
with dedicated Output Enable 

PD- 

Outputs Active 

30pF 


20 

35 

ns 

1PUA2 1 

Power Up to outputs Active 
with P-term Output Enable 1 

PD- 

Outputs Active 

30pF 


37 

55 

ns 

t|HPU 

Last valid clock to Power Down 
delay (Hold) 

Last Valid Clock 

PD+ 

30pF 

25 

15 


ns 

tlHPD 

First valid clock cycle before Power 
Up 

Beginning of First 
Valid Clock Cycle 

PD- 

30pF 

0 

-25 


ns 

foEl 3 

Output Enable: from /OE pin 

OE- 

Output Enabled 

30pF 


15 

30 

ns 

"cm 

LLI 

«£> 

Output Enable; from P-term 

(1) +/- 

Output Enabled 

30pF 


25 

40 

ns 

tODI 3 

Output Disable; from /OE pin 

OE+ 

Output Disabled 

5pF 


20 

30 

ns 

tOD2 3 

Output Disable; from P-term 

(1) +/- 

Output Disabled 

5pF 


30 

40 

ns 

tlNITI 

INIT to output when using INIT pin 

IN1T+ 

(F) +/- 

30pF 


22 

35 

ns 

t|NIT2 

INIT to output when using P-term 

INIT 

(!) +/- 

(F) +/- 

30pF 


35 

45 

ns 

tpPR 1 

Power-on Preset (F n = 1) 

v cc + 

(F) + 

30pF 



15 

ns 

tRPI 

Registered operating period; 

(t|S1 + tCKOl) 

(!) +/- 

(F) +/- 

30pF 


40 

60 

ns 

'RP2 1 

Registered operating period with 
Complement Array (t|S 2 + tcKOi) 

(!) +/- 

(F) +/- 

30pF 


55 

75 

ns 


Notes on following page 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

R, = 252 £1, R 2 = 1 780, 0°C < T amb < +75°C, 4.75 <; Vcc S 5.25V 






TEST 

LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

| Hold time j 

t|H 

Input Hold 

CK+ 

(F) +/- 

30pF 


-10 

0 

ns 

[ Frequency of operation j 

fdK 1 

Clock (toggle) frequency 

C+ 

C+ 

30 pF 

20 

50 


MHz 

fMAXI 

Registered operating frequency 
(t|S1 + feKOl) 

(1) +/- 

(F) +/- 

30pF 

16.7 

25 


MHz 

f MAX2 

Registered operating frequency with 
Complement Array (t iS2 + Ickoi) 1 

(1) +/- 

(F) +/- 

30pF 

13.3 

18.2 


MHz 


NOTE: 


1 . Not 1 00% tested, but guaranteed by design/characterization. 

2. All propagation delays and setup times are measured and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C L = 5pF. High-to-High impedance tests are made to an output 
voltage of Vj = (Vqh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vy = (Vql + 0.5V) level with Si closed. 


TIMING DIAGRAMS 
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The PLC416-16 has a unique powerdown 
feature that is ideal for power sensitive 
controller and state machine applications. 
During idle periods, the PLC415 can be 
powered down to a near zero power 
consumption level of less than 100 micro 
Amps. Externally controlled from Pin 19, the 
power down sequence first saves the data in 


all the State and Output registers. In order to 
insure that the last valid states are saved, 
there are certain hold times associated with 
the first and last valid clock edges and the 
Power Down input pulse. The Outputs are 
then automatically 3-Stated and power 
consumption is reduced to a minimum. 


Once in the power down mode, any or all of 
the inputs, including the clocks, may be 
toggled without the loss of data. To obtain the 
lowest possible power level, the inputs should 
be at static CMOS input levels during the 
power down period. 
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TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

*CLK 

Minimum guaranteed toggle 
frequency of the clock (from 
Clock HIGH to Clock HIGH). 

fMAX1,2 

Minimum guaranteed 
operating frequency. 

ICKH 

Width of input clock pulse. 

•CKL 

Interval between clock 
pulses. 

Irpi 

Minimum guaranteed 
operating period - when not 
using Complement Array. 

IRP2 

Minimum guaranteed 
operating period - when 
using Complement Array. 

tCKO 

Delay between positive 
transition of Clock and when 
Outputs become valid (with 
outputs enabled). 

t|H 

Required delay between 
positive transition of Clock 
and end of valid Input data. 

l IHPD 

Required delay between the 
positive transition of the 
beginning of the first valid 
clock cycle to the beginning 
of Power Down LOW to 
insure that the last valid 
states are intact and that the 
next positive transition of the 
clock is valid. 

t|HPU 

Required delay between the 
positive transition of the last 
valid clock and the beginning 
of Power Down HIGH to 
insure that last valid states 
are saved. 

flNITH 

Width of initialization input 
pulse. 

tlNITI 

Delay between positive 
transition of Initialization and 
when Outputs become valid 
when using external INIT 
control (from pin 19). 

t|NIT2 

Delay between positive 
transition of Initialization and 
when outputs become valid 
when using internal INIT 
control (from P-terms INA 
and INB). 

tlSPD 

Required delay between the 
beginning of Power Down 

HIGH (from pin 19) and the 
positive transition of the next 
clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 


SYMBOL 

PARAMETER 

t|SPU 

Required delay between the 
beginning of Power Down 

LOW and the positive 
transition of the first valid 
dock. 

l IS1 

Required delay between 
beginning of valid input and 
positive transition of Clock. 

t|S2 

Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 

tNVCKI 

Required delay between the 
negative transition of the 
dock and the negative 
transition of the 

Asynchronous Initialization 
when using external INIT 
control (from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 

l NVCK2 

Required delay between the 
negative transition of the 
clock and the negative 
transition of the 

Asynchronous Initialization, 
when using the internal INIT 
control (from P-terms INA 
and INB), to guarantee that 
the dock edge is not detected 
as a valid negative transition. 

tool 

Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-State, when using 
external OE control (from 
pin 19). 

tOD2 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State when using 
internal OE control (from 
P-terms OEA and OEB). 

tOEl 

Delay between beginning of 
Output Enable Low and when 
Outputs become valid when 
using external OE control 
from pin 19. 

tOE2 

Delay between beginning of 
Output Enable Low and when 
outputs become valid when 
using internal OE control 
(from P-terms OEA and 

OEB). 

tPDZ 

Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF-State and 
the drcuit is “powered down”. 


SYMBOL 

PARAMETER 

WR 

Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1 ". 

tpUA1,2 

Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 
and the drcuit is “powered 
up”. See AC Specifications. 

*RH 

Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 

l RJH 

Required delay between 
positive transition of Clock 
and end of inputs 111 or 1 1 0 
transition to State and Output 
Register Input Jam 

Diagnostic Modes, 
respectively. 

Irjs 

Required delay between 
when inputs 111 or 110 
transition to State and Output 
Register Input Jam 

Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 

tSRD 

Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 

ISRE 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvCKI 

Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 

Clock preceding the first valid 
clock pulse when using 
external INIT control (pin 19). 

tvCK2 

Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
internal INIT control (from 
P-terms INA and INB). 

tvs 

Required delay between V cc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 
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VOLTAGE WAVEFORMS 



LOGIC PROGRAMMING 

The PLC416-16 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLC416-16 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 


CUPL also accept, as input, schematic 
capture format. 

PLC416-16 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations if assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION (PRESET/RESET ) 11 OPTION - (P/R) 



“AND” ARRAY - (I), (P) 



Notes are on page 344. 


A8EL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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LOGIC PROGRAMMING (Continued) 

PIN 19 FUNCTION: POWER DOWN, INIITALIZATION, OE, OR INPUT 


Power Down Mode 


(PD FUSE) 


(INIT/OE FUSE) 


POWER DOWN 
CONTROL - 
FROM PIN 19 


I NIT DISABLED 


v — I — | — n pi 


. OE DISABLED 
FROM PIN 19 


O PIN 19 


l 16 DISABLED 


POWER DOWN FUSE 

CODE 

PIN 19 AS POWER DOWN 

H 6 



EXTERNAL INIT/OE FUSE 


EXTERNAL INIT/OE DISABLED 




P-Term Initialization Control 

FROM AND ARRAY 



INTERNAL INIT FUSES 

| CODE | 

P-TERM INIT CONTROL 

KttJi 



POWER DOWN FUSE 


POWER DOWN ENABLED OR 
DISABLED 

HORL 


External Initialization Control 

(PD FUSE) (INIT/OE FUSE) 


POWER DOWN 
DISABLED - 
FROM PIN 19 

INIT CONTROL _ 
FROM PIN 19 


V 1 — O PIN 19 


OE DISABLED 
FROM PIN 19 


l 16 DISABLED 


PD FUSE 

CODE 

POWER DOWN DISABLED 

L 1 



EXTERNAL INIT/OE FUSE 

CODE 

PIN 19 AS EXTERNAL INIT 

L 1 


INTERNAL INIT FUSES 

CODE 

P-TERM INIT ACTIVE OR 
INACTIVE 

H OR L 7 ’ 8 


P-Term OE Control 


FROM AND ARRAY 



INTERNAL OE FUSES 

CODE 

P-TERM OE CONTROL 

H 7 - 8 


POWER DOWN FUSE 

CODE 

POWER DOWN ENABLED OR 

DISABLED 

HORL 


External Output Enable Control 

(PD FUSE) (INIT/OE FUSE) 


POWER DOWN 
DISABLED 
FROM PIN 


VN 

n r± 


INIT DISABLED 
FROM PIN 19 



OE CONTROL 
FROM PIN 19 


l 16 DISABLED 


S' 


“□ PIN 19 


PD FUSE 

CODE 

POWER DOWN DISABLED 

L 



EXTERNAL INIT/OE FUSE 

CODE 

PIN 19 AS EXTERNAL OE 

H 



INTERNAL INIT FUSES 

CODE 

P-TERM OE ACTIVE OR 
INACTIVE 

H OR L 7 ’ 8 


Notes are on page 344. 
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LOGIC PROGRAMMING (Continued) 
“OR” ARRAY - J-K FUNCTION - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



CLOCK OPTION - (CLK1/CLK2) 



NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 

4. These states are not allowed when using PRESET/RESET option. 

5. Input buffer l 5 must be deleted from the AND array (i.e., all fuse locations “Don't Care") when using second clock option. 

6. When using Power Down feature, INPUT 1 6 is automatically disabled via the design software. 

7. If the internal (P-term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be 
permanently disabled, regardless of the state of the External INIT/OE fuse. 

8. One internal control fuse exists for each group of 8 registers. PO - 3 and FO - 3 are banked together in one group, as are P4 - 7 and F4 - 
7. Control can be split between the INIT/OE pin (Pin 19) and P-terms INA, INB, OEA and OEB. 

9. The PLC416-16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register 
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of 
the device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 

1 0. L = cell unprogrammed. 

H = cell programmed. 

11. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs not be 
connected to product terms INA, INB, OEA or OEB if you intend to make use of the diagnostic modes due to the fact that the patterns 
associated with the internal INIT and OE control product terms may interfere with the diagnostic mode data loading and reading. 
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PROGRAM TABLE 



NOTES: 

1. In the unprogrammed state all cells are conducting. Thus, the program table for an unprogrammed device would contain ''0”s for all product terms (inactive) and 
initialization states (indeterminate). The default or unprogrammed state of all other options is “L". 

2. Unused Cn, Im and Ps cells are normally programmed as Don't Care (-). 

3. Unused product terms can be left blank (inactive) for future code modification. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC415 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps has wavelengths in the 3000 - 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC415 in approximately three years, 
while it would take approximately one week 


to cause erasure when exposed to direct 
sunlight. If the PLC415 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 
PLC415 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm 2 . The erasure 
time with this dosage is approximately 30 to 


35 minutes using an ultraviolet lamp with a 
12,000(j.W/cm 2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm 2 
(1 week @ 12000pW/cm 2 ). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 

The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 
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DESCRIPTION 

The PLS105and the PLS105A are bipolar 
Programmable Logic State machines of the 
Mealy type. They contain logic AND-OR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 6 Qp, and 8 Qf edge-triggered, clocked 
S/R flip-flops, with an Asynchronous Preset 
option, all flip-flops are unconditionally preset 
to “1 ” during power turn on. 

The AND array combines 16 external inputs 
l 0 - 115 with six internal inputs P 0 _ 5, which 
are fed back from the State Registers to form 
up to 48 transition terms (AND terms). All 
transition terms can include True, False, or 
Don't Care states of the controlling variables, 
and are merged in the OR array to issue 
next-state and next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. Both True and 
Complement transition terms can be 
generated by optional use of the internal input 
variable (C) from the Complement Array. 

Also, if desired, the Preset input can be 
converted to Output Enable function, as an 
additional user-programmable option. 

Order codes are listed below in the Ordering 
Information Table. 


FEATURES 

• PLS105 

- fMAX = 13.9MHz 

- 20MHz clock rate 

• PLS105A 

- fMAX = 20MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked flip-flops 

• Programmable Asynchronous Preset or 
Output Enable 

• Power-on preset to all “1 “ of internal 
registers 

• Power dissipation: 600m W (typ.) 

• TTL compatible 

• Single +5V supply 

• 3-State outputs 


PIN CONFIGURATIONS 


APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security locking systems 

• Counters 

• Shift registers 



ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

28-Pin Plastic DIP (600mil-wide) 

PLS105N, PLS105AN 

041 3B 

28-Pin Plastic Leaded Chip Carrier 

PLS105A, PLS105AA 

0401 F 
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FUNCTIONAL DIAGRAM 



PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 

Active-High 

2-8 

20-27 

11-115 

Logic Inputs: The 15 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. 

Active-High/Low 

9 

10 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at +10V, device outputs F0 - 5 reflect 
the contents of State Register bits P0 - 5. The contents each Output Register remains 
unaltered. 

Active- High/Low 

10-13 

15-18 

FO-7 

Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of 
Output Register bits Q0 - 7, when enabled. When 10 is held at +10V, F0 - 5 = (PO - 5), 
and F6, 7 = Logic “1”. 

Active-High 

19 

PR/OE 

Preset or Output Enable Input: A user programmable function: 




• Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and FO-7 are High. 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after Preset goes Low. 

Active-High (H) 



• Output Enable: Provides an Output Enable function to all output buffers FO-7 from the 
Output Register. 

Active- Low (L) 
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(LOGIC TERMS -T) — 
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47 40 39 32 31 24 23 * 

NOTES: 

1. All AND gate inputs with a blown link float to a logic “1". 

2. All.pR gate inputs with a blown fuse float to logic “0”. 

3. Programmable connection. 
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TRUTH TABLE 1 > 2 > 3 > 4 > 5 > 6 


Vcc 

OPTION 

*0 

CK 

s 

R 

Qp/F 

F 

PR 

OE 




* 

X 

X 

X 

H 

H 




+10V 

X 

X 

X 

On 

(Qp)n 




X 

X 

X 

X 

Qn 

(Q F )n 




* 

X 

X 

X 

Qn 

Hi-Z 

+5V 



+10V 

X 

X 

X 

On 

(Qp)n 




X 

X 

X 

X 

Qn 

(Q F )n 



■ 

X 

T 

L 

L 

Qn 

(Q F )n 




X 

T 

L 

H 

L 

L 




X 

T 

H 

L 

H 

H 




X 

T 

H 

H 

IND. 

IND. 

T 

X 

X 

X 

X 

X 

X 

H 



NOTES: 


1 . Positive Logic: 

S/R = To + Ti + T2 + . . . + T47 
T n = C(IO II 12 . . .) (PO PI . . . P5) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. R = S = High is an illegal input condition. 

5. * = H or Lor+IOV. 

6. X = Don’t Care (<5.5V). 

VIRGIN STATE 

The factory shipped virgin device contains all 
fusible links intact, such that: 

1 . PR/OE option is set to PR. Thus, all 
outputs will be at “1”, as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7 

Vdc 

V|N 

Input voltage 


+5.5 

Vdc 

V OUT 

Output voltage 


+5.5 

Vdc 

l|N 

Input currents 

-30 

+30 

mA 

( OUT 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

T s tg 

Storage temperature range 

-65 

+150 

°C 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


LOGIC FUNCTION 


Typical State Transition: 



02 

QI 

00 


M 

m 

M 

STATE REGISTER 
^ 


□ 

□ 

□ 


S R ) PRESENT STATE 
ABC-... 


SET Qq: So = (Cf 2 * Q-j ' Go) ’ A * B • C . . . 

R0 = 0 

RESET Q,: S, =0 

Rl = (Gz ' Qi ' Go) • A • B ■ C . . . 

HOLD Q 2 : S 2 = 0 
Rj = 0 


ABSOLUTE MAXIMUM RATINGS 1 
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DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V 5 V CC S 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

Vih 

High 

Vcc = MAX 




V 

Vil 

Low 

V cc = MIN 



0.8 

V 

Vic 

Clamp 3 

V C c = MIN, l, N = -12mA 


-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 

mm 




V OH 

High 4 

Ioh = -2mA 

■ 



V 

VoL 

Low 5 

Iql = 9.6mA 

■H 

0.35 

0.45 

V 

Input current 

1 IH 

High 

Vim = 5.5V 

■ 

<1 

25 

pA 

IlL 

Low 

V| N = 0.45V 


-10 

-100 

pA 

1 IL 

Low (CK input) 

V| N = 0.45V 


-50 

-250 

pA 

Output current 



V cc = MAX 





•O(OFF) 

Hi-Z state 6 

Vout = 5.5 V 


1 

40 

pA 



V 0 ut = 0.45 V 


-1 

-40 

pA 

los 

Short circuit 3 ’ 7 

Vout = 0V 

-15 


-70 

mA 

fee 

Vcc supply current 8 

V cc = MAX 


120 

180 

mA 

Capacitance 6 



Vcc = 5.0 V 

HH 


K9 

■■ 

C|N 

Input 

Vin = 2.0V 


8 

■ 


Cqut 

Output 

Vqut = 2.0 V 


10 


SI 


NOTES: 

1 . All typical values are at Vcc = 5V, Tar* = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with Vil applied to £5E and a logic high stored, or with Vih applied to PR. 

5. Measured with a programmed logic condition for which the output is at a low logic level, and V| L applied to PR/OE Output sink current is 
supplied through a resistor to V C c- 

6. Measured with V| H applied to PR/OE. 

7. Duration of short circuit should not exceed 1 second. 

8. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 

Rt = 470n, R 2 = 1 kn, C L = 30pF, 0°C £ T amb < +75°C, 4.75V < Vcc ^ 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

LIMITS 

UNIT 

PLS105 

PLS105A 


TYP 1 

ITFffl 

I2U 

TYP 1 


Pulse width 

ICKH 

Clock 2 High 

CK + 

CK- 

25 

15 

-Si 

20 

15 


ns 

tcKL 

Clock Low 

CK- 

CK + 

25 

15 

■ 

20 

15 


ns 

tCKP 

Clock period 

CK + 

CK + 

50 

30 


40 

30 

■ 

ns 

IPRH 

Preset pulse 

PR + 

PR- 

25 

15 


25 

15 


ns 

Setup time 3 

m\m 

Input 

Input ± 

CK + 

60 


■ 

B9 



ns 

19 

Input 

Input + 

CK + 

50 


■ 

E9 



ns 

19 

Input 

Input ± 

CK + 

42 


■ 

N/A 



ns 

{ IS2A 

Input (through Complement Array) 

Input ± 

CK + 

90 


1 

70 


1 

ns 

f|S2® 

Input (through Complement Array) 

Input 

CK + 

80 


1 

60 



ns 

f|S2C 

Input (through Complement Array) 

Input 

CK + 

72 


1 

N/A 


■ 

ns 

! VS 

Power-on preset 

V C c + 

CK- 

0 

-10 


0 

-10 


ns 

fpRS 

Preset 

PR- 

CK- 

0 

-10 


0 

-10 


ns 

Hold time 

t|H 

Input 

CK + 

Input! 

5 

-10 


5 

-10 


ns 

Propagation delay 

tCKO 

Clock 

CK + 

Output ± 


15 

30 

■ 

15 

El 

ns 

*OE 

Output enable 4 

OE- 

Output - 


20 

30 


20 


ns 

tOD 

Output disable 4 

OE + 

Output + 

■ 

20 

30 


20 

30 

ns 

tpR 

Preset 

PR + 

Output + 


18 

30 


18 

30 

ns 

tpPR 

Power-on preset 

Vcc + 

Output + 

mi 

0 

10 


0 

10 

ns 

Frequency of operation 3 

fMAxC 

Without Complement Array 



13.9 

■ 


20.0 




fMAxC 

With Complement Array 



9.8 



12.5 

■ 




NOTES: 

1 . All typical values are at Vqc = 5V, T arr t, = +25°C. 

2. To prevent spurious clocking, clock rise time (10% - 90%) < 30ns. 

3. See “Speed vs. OR Loading" diagrams. 

4. For 3-State output; output enable times are tested with Cl = 30pF to the 1 .5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h 5V) with S t open, and Low-to-High impedance tests are made to the V T = (V OL + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 


TIMING DEFINITIONS 



SYMBOL 

PARAMETER 

tCKH 

Width of input clock pulse. 

fcKL 

Interval between clock pulses. 

fcKP 

Minimum guaranteed Clock 
period. 

t|S1 

Required delay between 
beginning of valid input and 
positive transition of clock. 

l IS2 

Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 

tvs 

Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

tpRS 

Required delay between 
negative transition of 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 

t|H 

Required delay between 
positive transition of Clock 
and end of valid input data. 

tcKO 

Delay between positive 
transition of clock and when 
outputs become valid (with 
PR/DE Low). 

tOE 

Delay between beginning of 
Output Enable Low and when 
outputs become valid. 

toD 

Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 

tsRE 

Delay between input l 0 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 
Register. 

tSRD 

Delay between input l 0 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 

tpR 

Delay between positive 
transition of Preset and when 
outputs become valid at “1". 

tpPR 

Delay between V cc (after 
power-on) and when outputs 
become preset at“1”. 

tpRH 

Width of preset input pulse. 

f|YIAX 

Minimum guaranteed 
operating frequency. 
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SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in 
sequential mode is given by: 

(1/fMAx) = tcY = tis + tcra 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does 
not appreciably impact performance; but 
the number of terms connected to each 
OR line affects tis, due to capacitive 
loading. The effect of this loading can be 
seen in Figure 1 , showing the variation of 
t| S1 with the number of terms connected 
per OR. 

The PLS1 05 AC electrical characteristics 
contain three limits for the parameters tisi 
and t|Q 2 (refer to Figure 1). The first, t| S1A is 
guaranteed for a device with 48 terms 
connected to any OR line. t iS1B is 
guaranteed for a device with 32 terms 
connected to any OR line. And t| S ic is 
guranteed for a device with 24 terms 
conntected to any OR line. 

The three other entries in the AC table, t|S 2 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 

The PLS1 05A AC electrical characteristics 
contain two limits for the parameters t| S1 
and tis 2 (refer to Figure 2). The first, tisi a is 
guaranteed for a device with 24 terms 
connected to any OR line. t| S is is 
guaranteed for a device with 16 terms 
connected to any OR line. 




The two other entries in the AC table, t| S2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of t| B for a given application 
can be determined by identifying the OR 
line with the maximum number of T n 
connections. This can be done by referring 
to the interconnect pattern in the PLS logic 
diagram, typically illustrated in Figure 3, or 
by counting the maximum number of “H" or 
“L” entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in 
Figure 1 or 2 will yield the worst case t^ 
and, by implication, the maximum clocking 
frequency for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


TRANSITION TERMS T„ 


TERMS/ 

OR 


V. 

r i 

A 

J L 

A 


tei 

(4) 







teL 0 RAV 

i-T's 








(3)-| 

L J 

^ n 






NOT 

USED 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

The PLS1 05/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP, Data I/O Corporation's ABEL™ and 
Logical Devices Inc.’s CUPL™ design 
software packages. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLS105/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 


PRESET/OE OPTION - (P/E) 



PROGRAMMING: 

The PLS 105/A has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


‘AND” ARRAY - (I), (P) 



“OR” ARRAY - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see 
flip-flop truth tables). 

4. To prevent oscilla tions, this state is not allowed for C link pairs coupled to active gates T n . 

ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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The PLS105/A may be subjected to AC and 
DC parametric tests prior to programming 
via an on-chip test array. 

The array consists of test transition terms 
48 and 49, factory programmed as shown 
below. 

Testing is accomplished by clocking the 
PLS 105/A and applying the proper input 
sequence to 10 - 115 as shown in the test 
circuit timing diagram. 



State Diagram 


Vcc? + 5V 
Vcc 


l n » 10-15 PO-5 -* 

CLOCK •> CK FO-7 — ► F r 

I * PR/OE 


PLS Under Test 



^^^HBaHBBDIlBaDBDBQaQIDaKIBaaDBQaEIQaa 

inTinTii:ii;iinriinri riininniniri rininri nTi Bwranmi rararararararara rari 

ibbbbbdbbdbbbbbdbbbbbbbIdddbbbbbbbbbbd 


Test Array Program 


Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any Philips 
Semiconductors' qualified programming 
equipment. 



FO-7 1.5V 


STATE 

REGISTER 


r HIGH 


Test Circuit Timing Diagram 



PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) 


HHHQHnHBnaBailBnD lBOIlBaDHdBtlHiintl 
IHBB BB HBBBB BBBB BHBHIillllBlillBBBBBBBBBBBBBB 
IBBBDBBBBBBBBBBBBBBBBBBIDBBBBDBBBBBBBB 


Test Array Deleted 
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DESCRIPTION 

The PLUS105-45 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(10-115) and to the feedback paths of the 6 
buried State Registers (Qpo-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 

All state transition terms can include True, 
False and Don’t Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 

The PLUS105-45 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS105-45 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 

The PLUS105-45 is pin-for-pin and software 
compatible with the Philips Semiconductors 
PLS105 and PLS105A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 

To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS1 05-45 
device architecture. 

Ordering codes are listed in the Ordering 
Information Table. 


FEATURES 

• 45MHz operating frequency 

- 55.6MHz clock rate 

- No OR term loading restrictions 

• Available in 300mil skinny DIP, 
600mil-wide Plastic DIP and PLCC 
packages 

• Pin and software compatible with other 
commerically available 105 logic 
sequencers 

•16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked J-K (or 
S-R) flip-flops 

• Security fuse 

• Programmable Asynchronous Preset or 
Output Enable 

• Power-on preset (to all "1"s) of internal 
registers 

• Power dissipation: 800mW (typ.) 

• TTL compatible 

• Single +5V supply 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security Locking systems 

• Counters 

• Shift registers 


PIN CONFIGURATIONS 


N Packages 


CLK [T 


m v cc 

17 QF 



16 (T 


m is 

15 [T 


25] no 

14 jT 


24] 111 

13 jT 


m n2 

12 |T 


22] 113 

11 Gl 


13 114 

to [sT 


20 ] 115 

F7 (jo 


19] PR/OE 

F6 |j7 


18] F0 

F5 [75 


13 F1 

F4 [13 


16] F2 

GND [j? 


T5] F3 


N - Plastic DIP (600mil-wide) 
N3 - Plastic DIP (300mil-wide) 


A Package 


15 16 17 CLKVcc 18 19 



A = Plastic Leaded Chip Carrier 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

28-pin Plastic Dual-ln-Line, 600mil-wide 

PLUS105— 45N 

0413B 

28-pin Plastic Dual-ln-Line, 300mil-wide 

PLUS105-45N3 

0864 D 

28-pin Plastic Leaded Chip Carrier, 450mil-square 

PLUS105-45A 

040 IF 
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PLUS1 05-45 


Programmable logic sequencer 
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FUNCTIONAL DIAGRAM 



PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line 
is necessary to update the contents of both state and output registers. 

Active- 
High (H) 

2-9, 26, 27 
20-22 

10 - 19, 
113-115 

Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L n . 

Active-High/ 
Low (H/L) 

23 

112 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 112 is held at +10V, device outputs F0 - F5 reflect the 
contents of State Register bits P 0 - P 5 . The contents of each Output Register remains unaltered. 

Active-High/ 
Low (H/L) 

24 

111 

Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 111 is held at + 10V, device outputs F0 - F5 become direct 
inputs for State Register bits P 0 - P 5 ; a Low-to-High transition on the clock line loads the values 
on pins F0 - F5 into the State Register bits P 0 - P 5 . The contents of each Output Register 
remains unaltered. 

Active-High/ 
Low (H/L) 

25 

110 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 110 is held at +10V, device outputs F0 - F7 become 
direct inputs for Output Register bits Q0 - Q7; a Low-to-High transition on the clock line loads 
the values on pins F0 - F7 into the Output Register bits Q0 - Q7. The contents of each State 
Register remains unaltered. 

Active-High/ 
Low (H/L) 

10-13 

15-18 

F0-F7 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which normally 
reflect the contents of Output Register bits Q0 - Q7, when enabled. When 11 2 is held at +1 0V, 

F0 - F5 = (P 0 - P 5 ). When 1 1 1 is held at +1 0 V, F0 - F5 become inputs to State Register bits 

Po - P 5 . When 110 is held at + 10 V, F 0 - F7 become inputs to Output Register bits Q 0 - Q7. 

Active- 
High (H) 

19 

PR/OE 

Preset or Output Enable Input: 

A user programmable function: 




• Preset: Provides an asynchronous preset to logic "1 ” of all State and Output Register bits. 
PR overrides Clock, and when held High, clocking is inhibited and F0 - F7 are High. Normal 
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 

Active- 
High (H) 



• Output Enable: Provides an output enable function to buffers F0 - F7 from the Output 
Registers. 

Active- 
Low (L) 
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TRUTH TABLE 1. 2 > 3 > 4 > 5> « 


Vcc 

OPTION 

no 

111 

112 

CK 

J 

K 

Qp 

Qf 

n 

PR 

OE 


H 


* 

* 

* 

X 

X 

X 

H 

H 

Qp 


L 


+iov 

X 

X 

T 

X 

X 

Qp 

L 

L 


L 


+iov 

X 

X 

t 

X 

X 

Qp 

H 

H 


L 


X 

+10V 

X 

t 

X 

X 

L 

Qp 

L 


L 


X 

+10V 

X 

t 

X 

X 

H 

Qp 

H 


L 


X 

X 

+10V 

X 

X 

X 

Qp 

Qp 

Qp 


L 


X 

X 

X 

X 

X 

X 

Qp 

Qp 

Qp 



H 

X 

X 

* 

X 

X 

X 

Qp 

Qp 

Hi-Z 

+5V 


X 

+10V 

X 

X 

t 

X 

X 

Qp 

L 

L 



X 

+iov 

X 

X 

t 

X 

X 

Qp 

H 

H 



X 

X 

+10V 

X 

t 

X 

X 

L 

Qp 

L 



X 

X 

+10V 

X 

T 

X 

X 

H 

Qp 

H 



L 

X 

X 

+10V 

X 

X 

X 

Qp 

Qf 

Qp 



L 

X 

X 

X 

X 

X 

X 

Qp 

Qf 

Qp 



L 

X 

X 

X 

t 

L 

L 

Qp 

Qp 

Qp 



L 

X 

X 

X 

T 

L 

H 

L 

L 

L 



L 

X 

X 

X 

t 

H 

L 

H 

H 

H 



L 

X 

X 

X 

t 

H 

H 

Op 

O? 

Op 

t 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 



NOTES: 

1 . Positive Logic: 


J-K (or S/R) — To +Ti +Tj + ... T 47 
Tn = (C 0 ) (10, II, 12, ...) (P 0 , P h ...P 5 ) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. * = H or Lor +10V 

5. X = Don’t Care (< 5.5V) 

6 . When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1 . PR/UE option is set to PR. Note that even 
if the PR function is not used, all registers 
are preset to “ 1 " by the power-up 
procedure. 

2. All transition terms are disabled (0). 

3. All J-K flip-flop inputs are disabled (0). 


October 22, 1993 


362 
























Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x48x8) 


PLUS1 05-45 



(LOGIC TERMS -T) 


1 ii hi 

piiiiiiniiiiiiiiiiiiiiiiiiiilillliiiiililiilliiiiiil 


lemMincmKomoocN 


gBiBBBSBffiBBBBmBSBBBBBBnBBSBSHBBBflBiBBffiBiiiiiiil 

aiiiiiiiMiiiiiiiwiiiiiiiwiiiiiiiMiiiwiiwi!!!!!!! 

mmmmmWmiimmmmMmmmimmmmimmmmmmm 
giiiiiii®iiiilii^iiiiiiiii§iiiiiiiiiiiiiiiinilllillj 
mMmmmimMmmmmMmmmimmmmimmmmmmm 

I , , liiliil ' iiliii liiliiii 

ISSiSii SiIH | 

mmmmmmammmmmmm m mmmmmmmmM 

giiiiiilffilililllBililliiiililililBiilllll^IliilliRil 

IllililiHiiilillBlIilliliillillllliiiiliilBiiiiiiilg* 
lilliiiiBiliiiliBiilliiiaiiliiilBillililBIilliiiRSliM 

mmmmmmmnmamamm m iiniii? mr g !l 

ElllllllBlIillliBlillHIMIl 111 ilIIlIlBliIlIlllgi|S 

mmmmmmmmmmmammm iiiiiiffiiiinii | il 

SilllllllllllllliBIllIlllfflll ME Ills I $ H 


47 •••••• 40 39 32 31 24 23" 

NOTES: 

1 . All AND gate inputs with a blown link float to a logic “1 

2. All OR gate inputs with a blown fuse float to logic “0”. 

3. l£ Programmable connection. 


Hn 


— Q5] FO 


- J CK 
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COMPLEMENT ARRAY DETAIL 



The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


THERMAL RATINGS 


LOGIC FUNCTION 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise ambient to junction 

75°C 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7.0 

Vdc 

V|N 

Input voltage 


+5.5 

Vdc 

V OUT 

Output voltage 


+5.5 

Vdc 

l|N 

Input currents 

-30 

+30 

mA 

l0UT 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTE: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


03 

02 

01 

QO 

□ 

M 

m 

H 

STATE REGISTER 



E 

□ 

□ 

□ 


PRESENT STATE 


NEXT STATE 


SETQ 0 :Jo = (02' Ql ■ O 0 ) • X • B ■ C . . . 

Ko = 0 

RESET =0 

K 1 = (Q3'0 2 Ql Oof-ABC... 
HOLD Q 2 : J 2 = 0 

k 2 =o 

RESET 03 :J 3 = ( 03 -Q 2 - 0, • So) ’ A • H ■ C . . . 

K 3 = (03 ■ 0 2 • Qi • Oq) ‘ A • B • C . . . 
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DC ELECTRICAL CHARACTERISTICS 

0°C <; T amb < 75°C, 4.75V < Vcc £ 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V|H 

High 

V cc = MAX 

2.0 



V 

V |L 

Low 

Vcc = MIN 



0.8 

V 

Vic 

Clamp 3 

V cc = MIN, l, N = -12mA 


-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 

mm 




VoH 

High 

Ioh = -2mA 




V 

Vql 

Low 

Iql — 9.6mA 


0.35 

0.45 

V 

Input current 



V cc = MAX 





l|H 

High 

O 

o 

> 

II 

z 

> 


<1 

30 

pA 

IlL 

Low 

V| N = 0.45V 


-20 

-250 

pA 

Output current 



V CC = MAX 





lO(OFF) 

Hi-Z state 

Vout = 2.7 V 


1 

40 

pA 



Vout = 0.45V 


-1 

-40 

pA 

los 

Short circuit 3 - 4 

Vout = 0V 

-15 


-70 

mA 

!cc 

V cc supply current 5 

V cc = MAX 


160 

200 

mA 

Capacitance 



V cc = 5.0V 






Input 

V, N = 2.0V 

Im 

8 


PF 


Output 

Vqut = 2.0V 


10 


pF 


NOTES: 

1 . All typical values are at Vcc = 5V, T arT t = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Duration of short circuit should not exceed 1 second. 

5. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 

R, = 4700, R 2 = 1 kO, C L = 30PF, 0°C < T amb < +75°C, 4.75V < V cc < 5.25V 






LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

MIN 

TYP 1 

MAX 

UNIT 

Pulse Width 

tCKH 

Clock High 

CK + 

CK- 

9 

8 

■ 

ns 

tCKL 

Clock Low 

CK- 

CK + 

9 

8 

■ 

ns 

tCKP 

Clock Period 

CK + 

CK + 

18 

16 


ns 

tpRH 

Preset pulse 

PR + 

PR- 

10 

8 

| 

ns 

Setup Time 

t|S1 

Input 

Input ± 

CK+ 

13 

12 

■ 

ns 

1|S2 

Input (through Complement Array) 

Input ± 

CK + 

23 

20 


ns 

tvs 

Power-on preset 

< 

O 

o 

+ 

CK- 

0 

-10 

■ 

ns 

tpRS 

Clock resume (after preset) 

PR- 

CK- 

0 

-5 


ns 

tNVCK 

Clock lockout (before preset) 

CK- 

PR- 

10 

5 


ns 

Hold Time 

t|H 

Input 

CK + 

Input ± 

0 

-5 


ns 

Diagnostic Mode 

tRJS 

Initialization of diagnostic mode 

110, 111 or 112+ 

(to 10V) 

F n as inputs 

50 

25 

■ 

ns 

tRJH 

Clock for diagnostic mode 

CK + 

Register input jam 

50 

25 


ns 

Propagation Delay 3 

tCKO 

Clock 

CK + 

Output + 


8 

9 

ns 

t0E 

Output enable 2 

OE- 

Output - 

i 

8 

9 

ns 

t0D 

Output disable 2 

OE + 

Output + 

■ 

8 

9 

ns 

tpR 

Preset 

PR + 

Output + 

i 

12 

15 

ns 

tppR 

Power-on preset 

v cc + 

Output + 


0 

10 

ns 

Frequency of Operation 

fMAXI 

Without / 1 \ 

Complement Array ^ t|si + t CK0 ) 

Input ± 

Output ± 

45.5 

50.0 

■ 

MHz 

fMAX2 

With ( 1 \ 

Complement Array ^ t | S2 + t c «o ) 

Input 

thru Complement 
Array ± 

Output + 

31.3 

35.7 

1 

MHz 

fMAX3 

Internal feedback / ^ \ 

without Complement ( I 

Array \tcKL + tcKH/ 

Register Output + 

Register Input ± 

55.6 

62.5 

1 

MHz 

fMAX4 

Internal feedback / 1 \ 

with Complement Array 1 t, S2 1 

Register Output 
thru Complement 
Array + 

Register Input ± 

43.5 

50.0 

■ 

MHz 

fdK 

Clock frequency 

CK + 

CK + 

55.6 

62.5 


MHz 


NOTES: 

1 . All typical values are at V C c = 5V, T arTtl = +25°C. 

2. For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and S! is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C[_ = 5pF. High-to-High impedance tests are made to an output 
voltage of Vx = (Voh -0.5V) with Si open, and Low-to-High impedance tests are made to the Vx = (Vol + 0.5V) level with St closed. 

3. All propagation delays and setup times are meausred and specified under worst case conditions. 
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TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

t|H 

Required delay between 
positive transition of Clock and 
end of valid Input data. 

t|S1 

Required delay between 
beginning of valid input and 
positive transition of Clock. 

t|S2 

Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 

fcKH 

Width of input clock pulse 

tCKL 

Interval between clock pulses. 

tCKO 

Delay between positive 
transition of Clock and when 
Outputs become valid (with 
PR/OE Low). 

ICKP 

Minimum guaranteed clock 
period. 

tfsIVCK 

Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 

PARAMETER 

f OD 

Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

tOE 

Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 

tpPR 

Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 

tpR 

Delay between positive 
transition of Preset and when 
Outputs become valid at "1”. 

tpRH 

Width of preset input pulse. 

IPRS 

Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 

Clock. 

l RH 

Required delay between 
positive transition of clock and 
the end of valid input data 
(FO-F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


SYMBOL 

PARAMETER 

*RJH 

Required delay between 
positive transition of clock and 
return of input 110, 111 OR 112 
from Diagnostic Mode (10V). 

Irjs 

Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 

tSRD 

Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 

Is RE 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvs 

Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

fcLK 

Minimum guaranteed clock 
frequency (register toggle 
frequency) 

f MAX 

Minimum guaranteed 
operating frequency. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 




LOGIC PROGRAMMING 

PLUS105-45 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SLICE and SNAP design software packages. 
ABEL™, CUPL™ and PALASM® 90 design 
software packages also support the 
PLUS105-45 architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS105-45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 


package is available, free of charge, to 
qualified users. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PRESET/OE OPTION - (P/E) 



PROGRAMMING THE PLUS105-45: 

The PLUS105-45 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


“AND” ARRAY -(I), (P) 



“OR” ARRAY -(N), (F) 



“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all link pairs. 

2. Any gate T n will be unconditionally inhibited if both the true and complement fuses of any input (l,P) are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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PHILIPS DEVICE # CF (XXXX) 

CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE 

REV 

DATE 



INPUT (l m ) PRESENT STATE (P 8 ) REMARKS 

'I in! i f 8~l"7l s f 5 !~4~l 3 T j m ~n if A - 1 _ 3 1 2 r iTol 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION 

The PLUS 105-55 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 1 6 external dedicated inputs 
(10 - 1 15) and to the feedback paths of the 6 
buried State Registers (Qpo-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 

The PLUS 105-55 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS105-55 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 

The PLUS105-55 is pin-for-pin and software 
compatible with Philips Semiconductors 
PLS105 and PLS105A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 

To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS1 05-55 
device architecture. 

Ordering codes are listed in the Ordering 
Information Table. 


FEATURES 

• 55MHz operating frequency 

- 71.4MHz clock rate 

- No OR term loading restrictions 

• Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 

• Pin and software compatible with other 
commerically available 105 sequencers 

• 16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked J-K (or 
S-R) flip-flops 

• Security fuse 

• Programmable Asynchronous Preset or 
Output Enable 

• Power-on preset to (all “1 ”s) of internal 
registers 

• Power dissipation: 800mW (typ.) 

• TTL compatible 

• Single +5V supply 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 


PIN CONFIGURATIONS 




N Packages 




CLK (T 


M]Vcc 


17 [T 


|3 18 



16 [T 


26] 19 



15 (T 


25] no 



14 [T 


24] 111 



13 [T 


23] 112 



12 [T 


22] 113 



11 Ijl 


HI 114 



10 [F 


20 ] ns 



F7 [To 


ii) PR/DE 


F6 QT 


75] FO 



FS Q5 


73 FI 



F4 [73 


73 F2 



GND [77 


7s] F3 


N - Plastic DIP (600mil-wide) 

N3 = Plastic DIP (300mil-wide) 





A Package 




IS 16 17 CLKVrc 18 19 

[T1 [3l [zl fT| |28| [27| |26l 


» u 

r 

• 


|3 no 

13 [6 




24] 111 

IZ (T 




|3 112 

11 [j[ 




13 113 

H> [F 




|3 114 

F7 Qo 




20] 115 

F6 [77 




i3 PR/OE 


[12) [13[ [14) [15[ [16[ [17( [18) 



F5 F4 GND F3 F2 FI F0 


A = Plastic Leaded Chip Carrier 




• Security Locking systems 

• Counters 


• Shift registers 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

28-pin Plastic Dual-ln-Line, 600mil-wide 

PLUS105-55N 

041 3B 

28-pin Plastic Dual-ln-Line, 300mil-wide 

PLUS105-55N3 

0864 D 

28-pin Plastic Leaded Chip Carrier, 450mil-square 

PLUS105-55A 

040 IF 
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FUNCTIONAL DIAGRAM 



PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both state and output registers. 

Active- 
High (H) 

2-9, 26, 27 
20-22 

10-19, 

113-115 

Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H" and “L". 

Active- High/ 
Low (H/L) 

23 

112 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 1 1 2 is held at + 1 0V, device outputs F0 - F5 reflect the 
contents of State Register bits P0 - P5. The contents of each Output Register remains 
unaltered. 

Active-High/ 
Low (H/L) 

24 

111 

Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 111 is held at +10V, device outputs FO - F5 become 
direct inputs for State Register bits P0 - P5; a Low-to-High transition on the clock line loads 
the values on pins FO - F5 into the State Register bits P0 - P5. The contents of each Output 
Register remains unaltered. 

Active-High/ 
Low (H/L) 

25 

no 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 110 is held at +10V, device outputs F0 - F7 become 
direct inputs for Output Register bits Q0 - Q7; a Low-to-High transition on the clock line loads 
the values on pins F0 - F7 into the Output Register bits Q0 - Q7. The contents of each State 
Register remains unaltered. 

Active-High/ 
Low (H/L) 

10-13 

15-18 

F0-F7 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register bits Q0-Q7, when enabled. When 112 is 
held at +10V, F0 - F5 = (P0 - P5). When 111 is held at +10V, F0 - F5 become inputs to State 
Register bits P0 - P5. When 110 is held at +10V, F0 - F7 become inputs to Output Register 
bits Q0 - Q7. 

Active- 
High (H) 

19 

PR/OE 

Preset or Output Enable Input: 

A user programmable function: 




• Preset: Provides an asynchronous preset to logic "1 " of all State and Output Register 
bits. PR overrides Clock, and when held High, clocking is inhibited and F0 - F7 are High. 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 

Active- 
High (H) 



• Output Enable: Provides an output enable function to buffers FO - F7 from the Output 
Registers. 

Active- 
Low (L) 
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TRUTH TABLE 1 - 2 - 3 - 4 - 5 6 


Vcc 

OPTION 

no 

111 

112 

CK 

J 

K 

Qp 

Qf 

Pi 

PR 

OE 


H 


* 

* 

* 

X 

X 

X 

H 

H 

Qf 


L 


+10V 

X 

X 

t 

X 

X 

Qp 

L 

L 


L 


+10V 

X 

X 

T 

X 

X 

Qp 

H 

H 


L 


X 

+10V 

X 

T 

X 

X 

L 

Qf 

L 


L 


X 

+10V 

X 

r 

X 

X 

H 

Qf 

H 


L 


X 

X 

+10V 

X 

X 

X 

Qp 

Qf 

Qp 


L 


X 

X 

X 

X 

X 

X 

Qp 

Qf 

Qf 



H 

X 

X 

* 

X 

X 

X 

Qp 

Qf 

Hi-Z 

+5V 


X 

+10V 

X 

X 

T 

X 

X 

Qp 

L 

L 



X 

+10V 

X 

X 

T 

X 

X 

Qp 

H 

H 



X 

X 

+10V 

X 

r 

X 

X 

L 

Qf 

L 



X 

X 

+10V 

X 

T 

X 

X 

H 

Qf 

H 



MS. 

X 

X 

+10V 

X 

X 

X 

Q P 

Qf 

Qp 




X 

X 

X 

X 

X 

X 

Q P 

Qf 

Qf 



n 

X 

X 

X 

T 

L 

L 

Q P 

Qf 

Qf 



l 

X 

X 

X 

T 

L 

H 

L 

L 

L 




X 

X 

X 

T 

H 

L 

H 

H 

H 



m 

X 

X 

X 

t 

H 

H 

Op 

o? 

Of 

T 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 



NOTES: 

1 . Positive Logic: 


J-K (or S/R) = T 0 +T, +T 2 + ... T 48 
Tn = (Co) (lo, II, 12, ...) (P 0 , P,,...P 5 ) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. * = HorLor+10V 

5. X = Don’t Care (< 5.5V) 

6. When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1 . PR/OE option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to "1" by the 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All J-K flip-flop inputs are disabled (0). 


October 22, 1993 


375 
























Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x48x8) 


PLUS1 05-55 



(LOGIC TERMS -T) 

III I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 


Siiiii 

ra|§|||||iilSI!IS§iillB8llliillllll§i;ii8B§88BB^il§§§§li 

^^MBIC«flW>»MIW8W )9WgO IHOll08t<MaW)OgWtWg»CBW»HWHWM8IWllBII(«gaWm»WWtWHWi»MHM»WQWW8IW'WCCB>0(>lWHO< gggOOt MIWWHWW»IWiiW 


N oao *» »« o« ooo x» kxx eoeoot ooe so© »o. ©c< ooo x» »o< ooooo< oot ooo »o. o« coo cx» »o ooooot ox k» so© xx> ox ooo y» iooc©© rc* ooo »o >oo< ooc ooo so© iooooo to© ooo soo so© oo< ooc ooo 

EiiiiliSiiiiiiiBilliiiSiiiiiiSiiiliiBSiiiiiiil 

piiiiiiaililiiiwiiiiilliillilllslliiillgliiiiii 
giiiiiiiniiiiiiimiiiiiiniiiiiiSiiiiiiniiiiiii 

pHanBiiiiiiHiinaiBiiiiiHBiiaiiiiiiisiBii!! 

iiiiiiiiiiiiiBiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiifiiillHH 

llllilliiiililllliiilllillMillllllHlllllllMlililil lg l l^g l 

IlllllllMllllllMillllMlllllllMlllllMllllllli^SSfiB 

imwmumnmmmMmaMmmaammmmmnam^j^i 


giiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiniiiiiiiniiiiiiiigism 

imnmmmmmmmammmmammmmmmmmmvgrn 

mmmmmmmmmmmmmmmmmmmmmnmmmi&iWsM 

IliliiliHilllllMiilllHlllllHlllllHilllllRHS'SiBi 

!lllll|IIillllllMlllltlIfflllllliMlllllllMlllllll5i:SBM 


47 40 39 32 31 24 

NOTES: 

1 . All AND gate inputs with a blown link float to a logic “1 " 

2. All OR gate inputs with a blown fuse float to logic "0”. 

3. Ill Programmable connection. 
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COMPLEMENT ARRAY DETAIL The complement array is a special sequencer 

feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 



Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 




TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise ambient to junction 

75°C 



ABSOLUTE MAXIMUM RATINGS 1 


Supply voltage 


Input voltage 


Output voltage 


Input currents 


Output currents 


Operating temperature range 


Storage temperature range 



Q3 Q2 QI QO 

1 0 1 0 f Sr J PRESENT STATE 

STATE REGISTER I ABC... 

n-Hh rS 

0 0 0 1 (S n + 1 ) NEXT STATE 

SET Qo: Jo = (®2 * Qi ' Oo) * A * B - C . . . 

Ko = 0 

RESET Qi:Ji =0 

K 1 = (°3 ’ tf 2 ■ Qi ■ Qo) ‘ A ■ B • C . . . 

HOLD Q 2 : J 2 = 0 
K 2 = 0 

RESET Q3: J 3 = (Q 3 ■ 0 2 ■ Qi • Qg) • A ■ B ■ C . . . 

A 3 = <03 ■ O 2 ' Qi ' Qo) • A • B • C . . . 



1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < 75°C, 4.75V < V CC S 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

VlH 

High 

V cc = MAX 

■ 



V 

VlL 

Low 

V CC = MIN 



0.8 

V 

Vic 

Clamp 3 

V cc = MIN, l, N = -12mA 

1 

-0.8 

-1.2 

V 

Output voltage 2 



■ 

■ 




V OH 

High 


l 



V 

V OL 

Low 


■ I 

0.35 

0.45 

V 

Input current 



V cc = MAX 

■ 




l|H 

High 

V IN = V CC 

■ ■ 

<1 

30 

pA 

1 IL 

Low 

V| N = 0.45V 


-20 

-250 

pA 

Output current 



V cc = MAX 





l0(0FF) 

Hi-Z state 

Vout = 2.7V 


1 

40 

pA 



V 0U T = 0.45V 


-1 

-40 

pA 

los 

Short circuit 3 ' 4 

Vout = 0V 

-15 


-70 

mA 

>CC 

V cc supply current 5 

V cc = MAX 


160 

200 

mA 

Capacitance 

■ I 


V CC = 5.0V 





1 

Input 

V| N = 2.0V 


8 

| 

pF 


Output 

Vqut = 2.0V 

mm 

10 

HI 

PF 


NOTES: 

1 . All typical values are at V C c = 5V, T arr b = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Duration of short circuit should not exceed 1 second. 

5. Iqc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


October 22, 1993 


378 























































Philips Semiconductors Programmable Logic Devices 


Product specification 


PLUS1 05-55 


Programmable logic sequencer 
(16x48x8) 


AC ELECTRICAL CHARACTERISTICS 

Ri = 470ft, R 2 = 1 Kft, C L = 30pF, 0°C < T am b < +75°C, 4.75V < V cc < 5.25V 






LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 

MIN 

TYP 1 

MAX 

UNIT 

Pulse Width 

tCKH 

Clock High 

CK + 

CK- 

mm 

6.5 


ns 

tCKL 

Clock Low 

CK- 

CK + 


6.5 


ns 

tCKP 

Clock Period 

CK + 

CK + 

1 

13 


ns 

tpRH 

Preset pulse 

PR + 

PR- 


8.0 


ns 

Setup Time 

f|S1 

Input 

Input ± 

CK + 

10 

9.5 


ns 

f|S2 

Input (through Complement Array) 

Input ± 

CK + 

20 

18.0 


ns 

tvs 

Power-on preset 

< 

O 

o 

+ 

CK- 

0 

0 


ns 

tpRS 

Clock resume (after preset) 

PR- 

CK- 

0 

0 


ns 

tfslVCK 

Clock lockout (before preset) 

CK- 

PR- 

12 

10.0 

1 

ns 

Hold Time 

t|H 

Input 

CK + 



Input! 

0 

-5 


ns 

Diagnostic Mode 

tRJS 

Initialization of diagnostic mode 

110,111 or 112 + 

(to 10V) 

F n as inputs 

50 

25 


ns 

tRJH 

Clock for diagnostic mode 

CK + 

Register input jam 

50 

25 


ns 

Propagation Delay 2 

tcKO 

Clock 

CK + 

Output ± 


7 

8 

ns 

t0E 

Output enable 3 

OE- 

Output - 

mm 

6 

8 

ns 

t0D 

Output disable 3 

OE + 

Output + 

1 

6 

8 

ns 

tpR 

Preset 

PR + 

Output + 


12 

15 

ns 

tpPR 

Power-on preset 

Vcc + 

Output + 


5 

10 

ns 

Frequency of Operation 

flMAXI 

Without / 1 \ 

Complement Array l t, S i + t c «o ) 

Input ± 

Output + 

55.6 

60.6 

■ 

MHz 

^MAX2 

With ( 1 \ 

Complement Array t , S2 + t CK0 ) 

Input 

thru Complement 
Array ± 

Output ± 

35.7 

40.0 

■ 

MHz 

f MAX3 

Internal feedback / 1 \ 

without Complement ( ] 

Array \tcKL + tcxH/ 

Register Output ± 

Register Input! 

71.4 

76.9 

■ 

MHz 

fMAX4 

Internal feedback / 1 \ 

with Complement Array 1 t iS2 J 

Register Output 
thru Complement 
Array ± 

Register Input! 

50.0 

55.6 


MHz 

fciK 

Clock period 

CK + 

CK + 

71.4 

76.9 


MHz 


NOTES: 

1 . Ail typical values are at V C c = 5V, T am b = +25°C, 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with Cl = 30pF to the 1 .5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h - 0.5V) with S, open, and Low-to-High impedance tests are made to the V T = (V 0 l + 0.5V) level with St closed. 
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TIMING DIAGRAMS (Continued) 
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TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

t|H 

Required delay between 
positive transition of Clock and 
end of valid Input data. 

t|S1 

Required delay between 
beginning of valid input and 
positive transition of Clock. 

t|S2 

Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 

tCKH 

Width of input clock pulse 

tCKL 

Interval between clock pulses. 

tCKO 

Delay between positive 
transition of Clock and when 
Outputs become valid (with 
PR/OE Low). 

*CKP 

Minimum guaranteed clock 
period. 

Invck 

Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 

PARAMETER 

fOD 

Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

k)E 

Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 

toR 

Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1”. 

fpR 

Delay between positive 
transition of Preset and when 
Outputs become valid at "1". 

tpRH 

Width of preset input pulse. 

IPRS 

Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 

Clock. 

Irh 

Required delay between 
positive transition of clock and 
the end of valid input data 
(F0 - F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


SYMBOL 

PARAMETER 

l RJH 

Required delay between 
positive transition of clock and 
return of input 110, 111 or 112 
from Diagnostic Mode (10V). 

Irjs 

Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 

l SRD 

Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 

tSRE 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvs 

Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

fcLK 

Minimum guaranteed clock 
frequency (register toggle 
frequency) 

fMAX 

Minimum guaranteed 
operating frequency. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 




LOGIC PROGRAMMING 

PLUS105-55 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™ and PALASM® 90 design software 
packages also support the PLUS105-55 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS1 05-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 


pages. This program table entry format is 
supported by SNAP. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PRESET/OE OPTION - (P/E) 


j> PR/CE 

< 

PR/OE 

I 

>- i 

? 

1 

p =° — ( l 

\ZjP E 

1 (ALWAYS 

■dr ENABLED) 

(PRESET 

DISABLED) 


| OPTION | CODE | 

OPTION 

mWMMmm 


OE 

1 L | 


PROGRAMMING THE PLUS105-5S: 

The PLUS1 05-55 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


‘AND” ARRAY - (I), (P) 



“OR” ARRAY - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all link pairs 

2. Any gate T n will be unconditionally inhibited if both the true and complement fuses of any input (l,P) are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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PLUS105 PROGRAM TABLE 

PROGRAM TABLE ENTRIES 




NOTES: 

1 . The device is shipped with all links initially intact. Thus, a background of "0” for all Terms, and an “H” for the P/E option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused C n , l m , and P s bits are normally programmed Don’t Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION 

The PLUS105-70 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user- 
programmable. All 48 AND gates are 
connected to the 1 6 external dedicated inputs 
(10 - 1 15) and to the feedback paths of the 6 
buried State Registers (Qpo-Qps). Because 
the OR array is programmable, any one or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 

All state transition terms can include True, 
False and Don’t Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 

The PLUS105-70 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS105-70 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 

The PLUS105-70 is pin-for-pin and software 
compatible with Philips Semiconductors 
PLS105 and P LSI 05 A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 

To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS1 05-70 
device architecture. 

Ordering codes are listed in the Ordering 
Information Table. 


FEATURES 

• 70MHz operating frequency 

- 100MHz clock rate 

- No OR term loading restrictions 

• Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 

• Pin and software compatible with other 
commerically available 105 sequencers 

• 1 6 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked J-K (or 
S-R) flip-flops 

• Security fuse 

• Programmable Asynchronous Preset or 
Output Enable 

• Power-on preset to (all ‘T’s) of internal 
registers 

• Powerdissipation:800mW(typ.) 

• TTL compatible 

• Single +5V supply 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 


PIN CONFIGURATIONS 




N Packages 




CLK [7 


iJvcc 


17 [T 


13 is 



16 [T 


m 19 



15 (T 


m ho 



M [T 


24] 111 



13 [6 





12 (T 


22] 113 



h [T 


13 114 



10 [T 


20] 115 



F7 [To 


Te] PR/OE 


F6 [TT 


Ts] FO 



F5 [l2 


13 FI 



F4 [l3 


HI F2 



GND [l4 


TS] F3 


N - Plastic DIP (600mil-wide) 

N3 « Plastic DIP (300mil-wide) 





A Package 




15 16 17 CLK V C C 18 19 

m ei m m m 1^1 & 


14 [T 

/ — 

• 


25 ] no 

13 OE 




|3 111 

12 [7 




2^ <12 

11 Q[ 




22} 113 

io (¥ 




2l] 114 

F7 [To 




»] 115 

F6 QT 




19] PR/DE 


M i'3| H [15| |16| |17| |,8| 



F5 F4 GND F3 F2 FI F0 


A * Plastic Leaded Chip Carrier 




• Security Locking systems 

• Counters 


• Shift registers 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

28-pin Plastic Dual-In-Line, 600mil-wide 

PLUS105-70N 

041 3B 

28-pin Plastic Dual-In-Line, 300mil-wide 

PLUS105-70N3 

0864 D 

28-pin Plastic Leaded Chip Carrier, 450mil-square 

PLUS105-70A 

040 IF 
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PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both state and output registers. 

Active- 
High (H) 

2-9, 26, 27 
20-22 

10 - 19, 
113-115 

Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of "H” and “L”. 

Active-High/ 
Low (H/L) 

23 

112 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 11 2 is held at +10V, device outputs F0 - F5 reflect the 
contents of State Register bits P0 - P5. The contents of each Output Register remains 
unaltered. 

Active-High/ 
Low (H/L) 

24 

111 

Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 111 is held at +10V, device outputs F0 - F5 become 
direct inputs for State Register bits P0 - P5; a Low-to-High transition on the clock line loads 
the values on pins F0 - F5 into the State Register bits P0 - P5. The contents of each Output 
Register remains unaltered. 

Active-High/ 
Low (H/L) 

25 

110 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 110 is held at +10V, device outputs FO - F7 become 
direct inputs for Output Register bits Q0 - Q7; a Low-to-High transition on the clock line loads 
the values on pins F0 - F7 into the Output Register bits Q0 - Q7. The contents of each State 
Register remains unaltered. 

Active-High/ 
Low (H/L) 

10-13 

15-18 

F0-F7 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register bits Q0 - Q7, when enabled. When 1 1 2 is 
held at +10V, F0 - F5 = (P0 - P5). When 111 is held at +10V, F0 - F5 become inputs to State 
Register bits P0 - P5. When 110 is held at +10V, F0 - F7 become inputs to Output Register 
bits Q0 - Q7. 

Active- 
High (H) 

19 

PR/DE 

Preset or Output Enable Input: 

A user programmable function: 




• Preset: Provides an asynchronous preset to logic "1” of all State and Output Register 
bits. PR overrides Clock, and when held High, clocking is inhibited and F0 - F7 are High. 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 

Active- 
High (H) 



• Output Enable: Provides an output enable function to buffers F0 - F7 from the Output 
Registers. 

Active- 
Low (L) 
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NOTES: 

1 . Positive Logic: 


J-K (or S/R) = T 0 +T 1 +T 2 + ... T 48 
T n = (C 0 ) (10, 11,12, ...) (P 0 , Pi, ...P 5 ) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 

3. T denotes transition from Low-to-High level. 

4. * = HorLor+10V 

5. X = Don’t Care (< 5.5V) 

6. When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1 . PR/OE option is set to PR. Note that 
even if the PR function is not used, 
all registers are preset to “1” by the 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All J-K flip-flop inputs are disabled (0). 
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(LOGIC TERMS -T) 


Hiiillliaill ii§ SIfe Milllililllllj 

mimmmmmmimmmimmmmimmmmmmwmmmmm 

Siiiiiiilpiii * | mmmwmmmmm 


mimmmwmmmimimmmmimmmmmimmmmmmd 

iiiiiiiniiiiiiniiiiiiniiiiiiKiiiiiiiaiiiiiii 
iSiiiiiliiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

■v.ViVi .Vi I 

liiS iipgSSS^g 

miiiHMiiiaaiiiiiiiMMiBiiattiiy .hbibiimp n 1 1« 

jiiiiiii 

liiiiiiiiiiB 


47 40 39 32 31 24 23 ’ 

NOTES: 

1 . All AND gate inputs with a blown link float to a logic “1 

2. All OR gate inputs with a blown fuse float to logic “0". 

3. i| Programmable connection. 
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COMPLEMENT ARRAY DETAIL 


F 

CO 

47 

>46 

545 • • • • 

>i 

0 

A c 

CO 

Dt 

:p[ 


DC 

] 






J 

y 

TO OR ARRAY 



The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if any one or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 


Consider the product terms A, B and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 


THERMAL RATINGS 


LOGIC FUNCTION 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise ambient to junction 

75°C 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

MIN 

MAX 

Vcc 

Supply voltage 


+7.0 

Vdc 

V| N 

Input voltage 


+5.5 

V DC 

VoUT 

Output voltage 


+5.5 

V DC 

warn 

Input currents 

-30 

+30 

mA 

mm 

Output currents 


+ 100 

mA 

T"amb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTE: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


03 

Q2 

QI 

QO 

m 


ra 

L°J 

STATE REGISTER 

□ 

□ 

H 

□ 


PRESENT STATE 


SET Qo: Jo = (Q 2 ' Qi ' Qo) ' A ■ B ■ C . . . 
Ko = 0 


RESET Q^Ji =0 

K n = (Q 3 ' 02 ’ Qi Qo) ABC... 


HOLD Q 2 : J 2 = 0 
K 2 -0 


RESET Q 3 : J 3 = (O3 • Q 2 • Qi ’ Oo) ■ A • H • C . . . 

K 3 = (Q 3 - O 2 • Qi ‘ Qo) ■ A ■ B ■ C . . . 
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DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < 75°C, 4.75V < V CC < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

V, H 

High 

Vcc = MAX 

2.0 



V 

V |L 

Low 

Vcc = MIN 



0.8 

V 

Vic 

Clamp 3 

Vcc = MIN, Ijn = —1 2mA 


-0.8 

-1.2 

V 

Output voltage 2 



V cc = MIN 

mm 




VoH 

High 

Ioh = -2mA 

B 



V 

V OL 

Low 

Iql = 9.6mA 

1 1 

0.35 

0.45 

V 

Input current 



V cc = MAX 

. ■ 




IlH 

High 

V|N = V CC 


<1 

30 

gA 

hi 

Low 

Vim = 0.45V 

. B 

-20 

-250 

pA 

Output current 



V cc = MAX 





l0(0FF) 

Hi-Z state 

Vout = 2.7V 


1 

40 

pA 



Vout = 0.45V 


-1 

~^to 

pA 

los 

Short circuit 3 ’ 4 

Vout = 0V 

-15 


-70 

mA 

Icc 

V cc supply current 5 

V cc = MAX 


160 

200 

mA 

Capacitance 



V cc = 5.0V 

■ 


■ 


C|N 

Input 

V| N = 2.0V 


8 

1 1 

pF 

C OUT 

Output 

Vout = 2.0V 

PI 

10 

HI 

pF 


NOTES: 

1 . All typical values are at Vcc = 5V, T ar rti = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Duration of short circuit should not exceed 1 second. 

5. I cc is measured with the PR/DE input grounded, all other inputs at 4.5V and the outputs open. 
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(16x48x8) 


AC ELECTRICAL CHARACTERISTICS 

R, = 470Q, R 2 = 1 Kfl, C L = 30pF, 0°C < T amb < +75°C, 4.75V <;V CC ^ 5.25V 






LIMITS 


SYMBOL 

PARAMETER 

FROM 

TO 


TYP 1 

MAX 

UNIT 

Pulse Width 

tcKH 

Clock High 

CK + 

CK- 

5 



ns 

tCKL 

Clock Low 

CK- 

CK + 

5 



ns 

tCKP 

Clock Period 

CK + 

CK + 

10 

■ 


ns 

tpRH 

Preset pulse 

PR + 

PR- 

10 


W 

ns 

Setup Time 

hsi 

Input 


CK + 

8 

u 


ns 

l IS2 

Input (through Complement Array) 


CK + 

15 



ns 

tvs 

Power-on preset 

1 ' 

CK- 

0 



ns 

l PRS 

Clock resume (after preset) 


CK- 

0 



ns 

fysIVCK 

Clock lockout (before preset) 


PR- 

10 



ns 

Hold Time 

t|H 

Input 

CK + 

Input + 

0 



ns 

Diagnostic Mode 

Irjs 

Initialization of diagnostic mode 

110, 111 or 112 + 

(to 10V) 

F n as inputs 

50 

■ 

■ 

ns 

tRJH 

Clock for diagnostic mode 

CK + 

Register input jam 

50 


1 

ns 

Propagation Delay 2 

fcKO 

Clock 

CK + 

Output ± 


■ 

6 

ns 

klE 

Output enable 3 

OE- 

Output - 



6.5 

ns 

toD 

Output disable 3 

OE + 

Output + 



6.5 

ns 

tpR 

Preset 

PR + 

Output + 



12 

ns 

tpPR 

Power-on preset 

Vcc + 

Output + 



10 

ns 

Frequency of Operation 

f MAX1 

Without ( 1 \ 

Complement Array ^ t, S i + t C KO / 

Input ± 

Output ± 

71.4 

■ 

■ 

MHz 

<MAX2 

With / 1 \ 

Complement Array ^t| S2 + t C Ko/ 

Input 

thru Complement 
Array ± 

Output ± 

47.6 


■ 

MHz 

f MAX3 

Internal feedback / < \ 

without Complement ( 1 

Array \t C KL + tcKH/ 

Register Output ± 

Register Input + 

100.0 

I 

■ 

MHz 

*MAX4 

Internal feedback / 1 j 

with Complement Array 1 t| S2 1 

Register Output 
thru Complement 
Array ± 

Register Input! 

66.7 


■ 

MHz 

fcLK 

Clock period 

CK + 

CK + 

100.0 



MHz 


NOTES: 

1 . All typical values are at V C c = 5V, T arTt) = +25°C. 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 

3. For 3-State output; output enable times are tested with Cl = 30pF to the 1 .5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V Q h - 0.5V) with St open, and Low-to-High impedance tests are made to the V T = (Vql + 0.5V) level with St closed. 
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TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

t|H 

Required delay between 
positive transition of Clock and 
end of valid Input data. 

tisi 

Required delay between 
beginning of valid input and 
positive transition of Clock. 

t|S2 

Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 

teKH 

Width of input clock pulse 

*CKL 

Interval between clock pulses. 

tCKO 

Delay between positive 
transition of Clock and when 
Outputs become valid (with 
PR/OE Low). 

*CKP 

Minimum guaranteed clock 
period. 

tNVCK 

Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 

PARAMETER 

k)D 

Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

kjE 

Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 

IPPR 

Delay between Vcc (after 
power-on) and when Outputs 
become preset at “1". 

l PR 

Delay between positive 
transition of Preset and when 
Outputs become valid at "1". 

{ PRH 

Width of preset input pulse. 

fPRS 

Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 

Clock. 

*RH 

Required delay between 
positive transition of clock and 
the end of valid input data 
(F0 - F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 


SYMBOL 

PARAMETER 

{ RJH 

Required delay between 
positive transition of dock and 
return of input 110, 111 or 112 
from Diagnostic Mode (10V). 

*RJS 

Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 

tsRD 

Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 

*SRE 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvs 

Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

fcLK 

Minimum guaranteed clock 
frequency (register toggle 
frequency) 

f MAX 

Minimum guaranteed 
operating frequency. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 




LOGIC PROGRAMMING 

PLUS105-70 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors’ 
SNAP design software package. ABEL™, 
CUPL™ and PALASM® 90 design software 
packages also support the PLUS1 05-70 
architecture. 


All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS1 05-70 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 


pages. This program table entry format is 
supported by SNAP. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, O, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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PRESET/OE OPTION - (P/E) 



PROGRAMMING THE PLUS105-70: 

The PLUS105-70 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


“AND” ARRAY - (I), (P) 






— kti: 


L P 


-~6(T 


i.P 

i.P 



STATE 


DON'T CARE 

lizij 





WMSM 




'■HU 




WE32M 




“OR” ARRAY - (N), (F) 


n 

HT> 

j 

Q 

T 

n» f — ' 

■5 

■ 

-E> 

K 


nj — 

Bjjg 

■ 


ACTION 

■m 

TOGGLE 1 

0 


ACTION 

12329 

SET 



■5 

■ 

Q 

n»f — 

n 

j 


■ 


ivf - 

-E> 

K 


ACTION 

U229 

NO CHANGE 

L_-_J 


ACTION 

lEl; 

RESET 

LZZZ3 


“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all link pairs 

2. Any gate T n will be unconditionally inhibited if both the true and complement fuses of any input (I.P) are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 
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DESCRIPTION 

The PLUS405 devices are bipolar, 
programmable state machines of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(10 - 115) and to the feedback paths of the 8 
on-chip State Registers (Qpo - Qp 7 ). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables CO, Cl). 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 

All state (Qp 0 - Qp 7 ) and output (Qp 0 - Q F7 ) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1". 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions, prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (OE) function as an 
additional user-programmable feature. 

Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 

Order codes are listed in the Ordering 
Information Table. 


FEATURES 

• PLUS405-37 

- f M AX = 37MHz 

- 50MHz dock rate 

• PLUS405-45 

- f MA x= 45MHz 

- 58.8MHz dock rate 

• Functional superset of PLS105/105A 

• Field-programmable (Ti-W fusible link) 

• 16 input variables 

• 8 output functions 

• 64 transition terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 transition Complement Arrays 

• Multiple clocks* 

• Programmable Asynchronous Initialization 
or Output Enable 

• Power-on preset of all registers to “1” 

• “On-chip" diagnostic test mode features for 
access to state and output registers 

• 950mW power dissipation (typ.) 

• TTL compatible 

• J-K or S-R flip-flop functions 

• Automatic “Hold" states 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator contollers 

• Security locking systems 

• Counters 

• Shift registers 


PIN CONFIGURATIONS 




N Package 




clk[T 


m v C c 


17 [T 


27] 18 


16 [7 


26] 

9 


is/clk[T 


25] no 


14 U 


24] 111 


13 [7 


23] 112 


12(7 


H] 113 


ii u 


2?] 114 


H>[9 


2(>] 115 


F7 Qo 


ii] IMT/OE 


F6(TT 


TS] R) 


F5[j2 


17] FI 


F4 (T3 


16] F2 


gnd[u 


15] F3 

N « Plastic DIP (600mil-wide) 





A Package 



I5CLK 16 

7 CLK V cc 18 

19 


i h fai fi rn n e?) N 


m GE 

r 

• 


25] 110 

13 Q[ 




if] HI 

12 (7 




23] 112 

n [T 




22] 113 

io QT 




|T] 114 

F7 Qo 




20] 115 

F6 [n 




T») 1 NIT/DE 


(HI B M m 129 IHI m 



FS F4 GND F3 F2 Fl 

F0 


A » Plastic Leaded Chip Carrier 




ORDERING INFORMATION 


DESCRIPTION 

OPERATING 

FREQUENCY 

ORDER CODE 

DRAWING NUMBER 

28-Pin Plastic DIP (600mil-wide) 

45MHz (tisi +tcKoi) 

PLUS405-45N 

0413B 

28-Pin Plastic DIP (600mil-wide) 

37MHz (t| S1 +tc«oi) 

PLUS405-37N 

0413B 

28-Pin Plastic Leaded Chip Carrier 

45MHz (tisi + tcKOi) 

PLUS405-45A 

0401 F 

28-Pin Plastic Leaded Chip Carrier 

37MHz (tisi + tcKOi) 

PLUS405-37A 

0401 F 


‘Refer to AC Specifications for clock and operating frequencies when using multiple clocks. 
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PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK1 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks PO-3 and FO-3 if Pin 4 is also being used as a clock. 

Active-High (H) 

2, 3, 5-9, 
26-27 
20-22 

10-14, 17, 16 
18-19 
113-115 

Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “FI” and “L”. 

Active-High/Low 

(H/L) 

4 

CLK2 

Logic Input/Clock: A user programmable function: 

• Logic Input: A 13th external logic input to the AND array, as above. 

Active- High/Low 
(H/L) 



• Clock: A 2nd clock for the State Registers P4-7 and Output Registers F4-7, as above. 
Note that input buffer l 5 must be deleted from the AND array (i.e., all fuse locations “Don’t 
Care") when using Pin 4 as a Clock. 

Active-High (H) 

23 

112 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs F0-F7 
reflect the contents of State Register bits P0-P7. The contents of each Output Register 
remains unaltered. 

Active-High/Low 

(H/L) 

24 

111 

Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 111 is held at +10V, device outputs FO-F7 become 
direct inputs for State Register bits P0-P7; a Low-to-Fligh transition on the appropriate 
clock line loads the values on pins F0-F7 into the State Register bits P0-P7. The contents 
of each Output Register remains unaltered. 

Active-High/Low 

(H/L) 

25 

110 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL ievels. When l 10 is held at +10V, device outputs F0-F7 become 
direct inputs for Output Register bits Q0-Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins F0-F7 into the Output Register bits Q0-Q7. The 
contents of each State Register remains unaltered. 

Active-High/Low 

(H/L) 

10-13 

15-18 

F0-F7 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register Bits Q0-Q7, when enabled. When 112 is 
held at +10V, F0-F7 = (P0-P7). When 111 is held at +10V, F0-F7 become inputs to State 
Register bits P0-P7. When 110 is held at +10V, F0-F7 become inputs to Output Register 
bits Q0-Q7. 

Active-High (H) 

19 

INIT/OE 

Initialization or Output Enable Input: A user programmable function: 




• Initialization: Provides an asynchronous preset to logic “1" or reset to logic “0” of all 

State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and F0-F7 
and P0-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 
tfsivcK a nc * *vck- 

Active-High (H) 



• Output Enable: Provides an output enable function to buffers F0-F7 from the Output 
Registers. 

Active-Low (L) 
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TRUTH TABLE 2 < 3 - 4 - 5 - 6 * 7 


Hi 

OPTION 

no 

111 

112 

CK 

J 

K 

Qp 

Of 

F 

INIT 

UE 


■■ 


* 

* 

* 

X 

X 

X 



Qf 


■■ 


+10V 

X 

X 

t 

X 

X 

— 


L 


L 


+ 10V 

X 

X 

T 

X 

X 

H 

H 

H 


■ 


X 

+10V 

X 

T 

X 

X 

■9: 

Qf 

L 




X 

+10V 

X 

T 

X 

X 

H 

Qf 

H 




X 

X 

+10V 

X 

X 

X 

Qp 

Qf 

Qp 




X 

X 

X 

X 

X 

X 

Qp 

Qf 

Qf 



mm 

X 

X 

* 

X 

X 

X 

Qp 

■H 

Hi-Z 

+5V 


■9 

+10V 

X 

X 

T 

X 

X 

Qp 

MM: 

L 



MM 

+ 10V 

X 

X 

T 

X 

X 

Qp 

H 

H 



mm 

X 

+10V 

X 

T 

X 

X 

L 

Qf 

L 


ffljpH 

■9 

X 

+10V 

X 

t 

X 

X 

H 

Qf 

H 


■ 


X 

X 

+10V 

X 

X 

X 

Qp 

Qf 

Qp 



H 

X 

X 

X 

X 

X 

X 

Qp 

Qf 

Qf 



mm 

X 

X 

X 

T 

L 

L 

Qp 

Qf 

Qf 


1 


X 

X 

X 

t 

L 

H 

L 

L 

L 


1 


X 

X 

X 

T 

H 

L 

H 

H 

H 



■Si 

X 

X 

X 

t 

H 

H 

Op 

Of 

<3f 

T 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 



NOTES: 


1 . Positive Logic: 

S/R (or J/K) = Tq + Ti + T 2 + . - - Tg 3 

T n = (CO, Cl) (10, II, 12, . . .) (P0, PI, . , . P7) 

2. Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 

3. T denotes transition from Low-to-High level. 

4. * = HorLor+10V 

5. X = Don’t Care (<5.5V) 

6. H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). 

7. When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1 . INIT/OE is set to INIT. In order to use the 
INIT function, the user must select either 
the PRESET or the RESET option for 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if 
the INIT function is not used, all registers 
are preset to "1 * by the power-up 
procedure. 

2. All transition terms are inactive (0). 

3. All S/R (or J/K) flip-flop inputs are 
disabled (0). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard test 
pattern. 

5. Clock 2 is inactive. 


LOGIC FUNCTION 


Q3 

Q2 

01 

00 

ra 

E 

n 

H 

STATE REGISTER 


□ 

□ 

□ 


S R J PRESENT STATE 
ABC-... 

(S n + 1 ) NEXT STATE 


SET Qg: Jg = (0 2 * Q-j - Oq) ■ A * B ■ C . . . 

Ko = 0 

RESET Q,:J t =0 

K 1 = (°3 ‘ 02 ' Ql ’ tJg) ' A ■ B • C . . . 

HOLD Q 2 : J 2 = 0 
k 2 =o 

RESET O3: J3 = (O3 - $2 ■ • Qg) ■ A ■ B ' C . . . 

K3 = (O3 • 0 2 • Q-| • Og) • A - B • C . . . 


October 22, 1993 


401 



































Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencers 
(16x64x8) 


PLUS405-37/-45 



October 22, 1993 


402 








Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencers 
(16x64x8) 


PLUS405-37/-45 



October 22, 1993 


403 




Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencers 
(16x64x8) 


PLUS405-37/-45 


DETAILS FOR REGISTERS FOR PLUS405 



Detail A 


TO I NIT LINE 



Detail B 



Detail C 


FROM PIN 4 
(15/CLK) 



FROM 
PIN 1 CLK 


Detail D 


COMPLEMENT ARRAY DETAIL 


p 

63 P6 

2 • • • 

2 P 

1 P 

CCL^V, 



□ 




\p 

Cl ^1, 


hhhg| 

ini 


i 

£ 

19 


■I 


■ 

■1 

c° v-'n 

v_ 

T 

T 

TO OR A 

RRAY 


V 



The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 

Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 


all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that the PLUS405 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ABSOLUTE MAXIMUM RATINGS 1 


NOTES: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 

DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V < V cc < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 2 

V IH 

High 

V cc = MAX 

2.0 



V 

VlL 

Low 

V cc = MIN 



0.8 

V 

v ic 

Clamp 3 

V cc = MIN, l|N = -1 2mA 


-0.8 

-1.2 

V 

Output voltage 2 

< 

o 

X 

High 

V cc = MIN, I 0 h = -2mA 

2.4 



V 

V OL 

Low 

V CC = MIN, l 0L = 9.6mA 


0.35 

0.45 

V 

Input current 

IlH 

High 

V cc = MAX, V IN = Vcc 


<1 

30 

pA 

IlL 

Low 

V CC = MAX, V| N = 0.45V 


-20 

-250 

pA 

Output current 

•o(OFF) 

Hi-Z state 

V CC = MAX, V 0 ut = 2.7V 


1 

40 

pA 



Vcc = MAX, Vqut = 0.45V 


-1 

-40 

pA 

•os 

Short circuit 3 - 4 

Vout = 0V 

-15 


-70 

mA 

•cc 

V C c supply current 5 

Vcc = MAX 


190 

225 

mA 

Capacitance 

C IN 

Input 

V CC = 5.0V, V| N = 2.0V 


8 


PF 

Cqut 

Output 

Vcc = 5.0V, Vqut = 2.0V 


10 


PF 


NOTES: 

1 . All typical values are at Vcc = 5 V. T am b = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Duration of short-circuit should not exceed one second. 

5. l C c is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 


Supply voltage 

+7 

v dc 

■■■ 

Input voltage 

+5.5 

V DC 

Vqut 

Output voltage 

+5.5 

v dc 

•in 

Input currents 

-30 to +30 

mA 

•out 

Output currents 

+100 

mA 

Tamb 

Operating temperature range 

0 to +75 

°C 

Tsstg 

Storage temperature range 

-65 to +1 50 

°C 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 
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AC ELECTRICAL CHARACTERISTICS 

Ri = 470£2, R 2 = 1 kn, C L = 30pF, 0°C S T amb S +75°C, 4.75V <; Vqc ^ 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

UMITS 

UNIT 

PLUS405-37 

PLUS405-45 


TYP 1 

MAX 

MIN 

TYP 1 

MAX 

Pulse width 

tCKHI 

Clock High; CLK1 (Pin 1) 

CK+ 

CK- 

10 

8 


8.5 

7 


ns 

tCKLI 

Clock Low; CLK1 (Pin 1) 

CK- 

CK+ 

10 

8 


8.5 

7 


ns 

tCKPI 

CLK1 Period 

CK+ 

CK+ 

20 

16 


17 

14 


ns 

fcKH2 

Clock High; CLK2 (Pin 4) 

CK+ 

CK- 

10 

8 


10 

8 


ns 

fcKL2 

Clock Low; CLK2 (Pin 4) 

CK- 

CK+ 

10 

8 


10 

8 


ns 

fCKP2 

CLK2 Period 

CK+ 

CK+ 

20 

16 


20 

16 


ns 

l INITH 

Initialization pulse 

INIT- 

INIT+ 

15 

10 


15 

8 


ns 

Setup time 

1|S1 

Input 

Input ± 

CK+ 

15 

12 


12 

10 


ns 

1|S2 

Input 

(through Complement Array) 

Input ± 

CK+ 

25 

20 


22 

18 


ns 

l VS 

Power-on preset 

Vcc+ 

CK- 

0 

-10 


0 

-10 


ns 

tvCK 

Clock resume 
(after Initialization) 

INIT- 

CK- 

0 

-5 


0 

a 

■ 

ns 

l NVCK 

Clock lockout 
(before Initialization) 

CK- 

INIT- 

15 

5 


15 

5 


ns 

Hold time 



Input 

CK+ 

Input ± 

0 

-5 


0 

-5 


ns 

Propagation delay 

ICKOI 

Clockl (Pin 1) 

CK1 + 

Output ± 


10 

12 


8 

10 

ns 

*CK02 

Clock2 (Pin 4) 

CK2+ 

Output ± 


12 

15 


10 

12 

ns 

tOE 2 

Output Enable 

OE- 

Output- 


12 

15 


12 

15 

ns 

fOD 2 

Output Disable 

OE+ 

Output + 


12 

15 


12 

15 

ns 

l|NIT 

Initialization 

INIT+ 

Output + 


15 

20 


15 

20 

ns 

IPPR 

Power-on Preset 

Vcc + 

Output + 


0 

10 


0 

10 

ns 


Notes on following page 
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PLUS405-37/-45 


AC ELECTRICAL CHARACTERISTICS (Continued) 

R, = 470Q, R 2 = Ikfl, C L = 30pF, 0°C £ T amb < +75°C, 4.75V £ Vcc < 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

LIMITS 

UNIT 

PLUS405-37 

PLUS405-45 

MIN 

TYP 1 

MAX 

MIN 

TYP 1 

MAX 

— 

Frequency of operation 

flVIAXI 

CLK1 ; without Complement Array 

' 

Input ± 

Output ± 

37.0 

45.5 


45.5 

55.6 


MHz 

\t|S1 +fcK01 ) 

f MAX2 

CLK2; without Complement Array 

( 1 

Input ± 

Output ± 

33.0 

41.7 


41.7 

50.0 

■ 

MHz 

^t|S 1 +tcK 02 J 

fMAX3 

CLK1 ; with Complement Array 

( 1 ) 

Input thru 
Complement 
Array ± 

Output! 

27.0 

33.3 


31.3 

38.5 

■ 

MHz 

^t|S2 + tCKOl J 

ImAX4 

CLK2; with Complement Array 

Input thru 
Complement 
Array + 

Output ± 

25.0 

31.3 


29.4 

35.7 

■ 

MHz 

\ t|S2 + tCK02 J 

f MAX5 

Internal feedback without 
Complement Array (CLK1 orCLK2) 

I ,i ) 

Register 
Output ± 

Register 
Intput ± 

50.0 

62.5 


58.8 

72.4 

1 

MHz 

\ tCKL + fcKH J 

*MAX6 

Internal feedback with 

Complement Array (CLK1 or CLK2) 

\t|S2 J 

Register 
Output thru 
Complement 
Array ± 

Register 
Intput + 

40.0 

50.0 


45.5 

55.6 

1 

MHz 

fdK 

Minimum guaranteed clock 
frequency 

CK + 

CK + 

50.0 

62.5 


58.8 

72.4 


MHZ 


NOTES: 

1 . All typical values are at V C c = 5V, T arrt3 = +25°C. 

2. For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vy = (V 0 h -0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (Vol + 0.5V) level with Si closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 
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TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

*CKH1.2 

Width of input clock pulse. 

fcKPl.a 

Minimum guaranteed clock 
period. 

*IS1 

Required delay between 
beginning of valid input and 
positive transition of Clock. 

*CK01,2 

Delay between positive 
transition of Clock and when 
Outputs become valid (with 
INIT/OE Low). 

l PPR 

Delay between V cc (after 
power-on) and when Outputs 
become preset at “1 ”. 

f|S2 

Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 

l RJH 

Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 
(10V). 

Wxi ,2 

Minimum guaranteed 
operating frequency; input to 
output (CLK1 andCLK2). 

Wx3, 4 

Minimum guaranteed 
operating frequency; input 
through Complement Array, 
to output (CLK1 and CLK2). 

*MAX5 

Minimum guaranteed internal 
operating frequency ; with 
internal feedback from state 
register to state register. 


SYMBOL 

PARAMETER 

♦maX6 

Minimum guaranteed internal 
operating frequency with 
Complement Array, with 
internal feedback from state 
register through Complement 
Array, to state register. 

f CLK 

Minimum guaranteed clock 
frequency (register toggle 
frequency). 

tCKLI , 2 

Interval between dock 
pulses. 

t|H 

Required delay between 
positive transition of Clock 
and end of valid Input data. 

tOE 

Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 

l SRE 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tRJS 

Required delay between 
inputs 111, 110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 
inputs. 

l NVCK 

Required delay between the 
negative transition of the 
clock and the negative 
transition of the 

Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 

PARAMETER 

tlNITH 

Width of initialization input 
pulse. 

tvs 

Required delay between Vcc 
(after power-on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 

feD 

Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 

l INIT 

Delay between positive 
transition of Initialization and 
when Outputs become valid. 

l SRD 

Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 

l RH 

Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 

l VCK 

Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 

Clock preceding first reliable 
clock pulse. 
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LOGIC PROGRAMMING 

The PLUS405-37/-45 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software packages. ABEL™ 
and CUPL™ design software packages also 
support the PLUS405-37/-45 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS405-37/-45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


INITIALIZATION/OE OPTION - (INIT/OE) 



PROGRAMMING THE PLUS405: 

The PLUS405 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION - (INIT) 



“AND” ARRAY - (I), (P) 



Notes are on next page. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 
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“OR” ARRAY - J-K FUNCTION - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



CLOCK OPTION - (CLK1/CLK2) 



PROGRAMMING/SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 

Software Support) of this data handbook for additional 
information. 


NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 

4. These states are not allowed when using INITIALIZATION option. 

5. Input buffer 15 must be deleted from the AND array (i.e., all fuse locations “Don’t Care") when using second clock option. 

6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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INACTIVE 
I^P 

Vp 

DON'T CARE 


INACTIVE 1 0 
GENERATE [ A 
PROPAGATE | • 
TRANSPARENT! - 


INACTIVE OR 

TV 

TOGGLE 


SET 

iiL 

RESET 

1 L 

NO CHANGE 



OPTIONS, 

nn 


CLKl ONLY 
CLKl AND 2 



RirararnrFiiTnfiTiiTnnnnririnnnrinnnrnnnniramrjira 


!SSBi 




E3hrrfrhrhShSSS3Sb 


rrt i7!iiMrir<ir^rni7M I5 j Rimrarn 171 


ssssssas 


iiiiPiii 



CO d w 

I 3 
O Q- O 


NOTES: 

1 . The device is shipped with ail links initially intact. Thus, a background of "0" for all Terms, and an "H” for the IN/E and H for the dock option, exists in the table, shown BLANK instead 
for clarity. 

2. Unused Cn Im, and Ps bits are normally programmed Don't Care (— ). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as ( — ) for maximum speed. 
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DESCRIPTION 

The PLUS405-55 device is a bipolar, 
programmable state machine of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 1 6 external dedicated inputs 
(10 - 1 15) and to the feedback paths of the 
8 on chip State Registers (Q P0 - Qpy). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables C 0l C^. 

All state transition terms can include True, 
False and Don’t Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 

All state (Qp 0 - Qpy) and output (Qpo - Qp 7 > 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level “1”. 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (UE) function as an 
additional user-programmable feature. 

Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 

Order codes are listed in the Ordering 
Information Table below. 


FEATURES 

• 66.7MHz minimum guaranteed clock rate 

• 55MHz minimum guaranteed operating 
frequency (1/(tisi + tcxoi) 

• Functional superset of PLS105/105A 

• Field-programmable (Ti-W fusible link) 

• 1 6 input variables 

• 8 output functions 

• 64 transition terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 transition Complement Arrays 

• Multiple clocks 

• Programmable Asynchronous Initialization 
or Output Enable 

• Power-on preset of all registers to “1” 

• “On-chip" diagnostic test mode features for 
access to state and output registers 

• 950mW power dissipation (typ.) 

• TTL compatible 

• J-K or S-R flip-flop functions 

• Automatic “Hold” states 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator contollers 

• Security locking systems 

• Counters 

• Shift registers 


PIN CONFIGURATIONS 



ORDERING INFORMATION 


DESCRIPTION 

OPERATING 

FREQUENCY 

ORDER CODE 

DRAWING NUMBER 

28-Pin Plastic Dual In-Line (600mil-wide) 

55MHz (tis + tcKo) 

PLUS405-55N 

0413B 

28-Pin Plastic Leaded Chip Carrier 

55MHz (t|s + tcxo) 

PLUS405-55A 

0401 F 
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PIN DESCRIPTION 


PIN NO. 

SYMBOL 

NAME AND FUNCTION 

POLARITY 

1 

CLK1 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks PO-3 and FO-3 if Pin 4 is also being used as a clock. 

Active-High (H) 

2, 3, 5-9, 
26-27 
20-22 

10-14, 17, 16 
18-19 
113-115 

Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 

Active-High/Low 

(H/L) 

4 

CLK2 

Logic Input/Clock: A user programmable function: 

• Logic Input: A 13th external logic input to the AND array, as above. 

Active-High/Low 

(H/L) 



• Clock: A 2nd clock for the State Registers P4-7 and Output Registers F4-7, as above. 
Note that input buffer 15 must be deleted from the AND array (i.e., all fuse locations “Don't 
Care") when using Pin 4 as a Clock. 

Active-High (H) 

23 

112 

Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs F0-F7 
reflect the contents of State Register bits P0-P7. The contents of each Output Register 
remains unaltered. 

Active-High/Low 

(H/L) 

24 

111 

Logic/Diagnostic Input: A 1 5th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 111 is held at +10V, device outputs F0-F7 become 
direct inputs for State Register bits P0-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins F0-F7 into the State Register bits P0-P7. The contents 
of each Output Register remains unaltered. 

Active-High/Low 

(H/L) 

25 

110 

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When 110 is held at +10V, device outputs F0-F7 become 
direct inputs for Output Register bits Q0-Q7; a Low-to-High transition on the appropriate 
clock line loads the values on pins F0-F7 into the Output Register bits Q0-Q7. The 
contents of each State Register remains unaltered. 

Active-High/Low 

(H/L) 

10-13 

15-18 

F0-F7 

Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register Bits Q0-Q7, when enabled. When 112 is 
held at +10V, F0-F7 = (P0-P7). When 11 1 is held at +10V, F0-F7 become inputs to State 
Register bits P0-P7. When 110 is held at +10V, F0-F7 become inputs to Output Register 
bits Q0-Q7. 

Active-High (H) 

19 

INIT/OE 

Initialization or Output Enable Input: A user programmable function: 




• Initialization: Provides an asynchronous preset to logic “1 “ or reset to logic "0” of all 

State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and F0-F7 
and P0-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 
tNVCK and tvcK- 

Active-High (H) 



• Output Enable: Provides an output enable function to buffers F0-F7 from the Output 
Registers. 

Active-Low (L) 
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TRUTH TABLE 1 - 2 - 3 « 4 - 5 - 6 - 7 



OPTION 









■ 

pn 

INIT 

OE 

no 

111 

112 

CK 

J 

K 

Qp 

Of 



■ ■ 



* 

* 

X 

X 

X 

H/L 

H/L 

Qf 


■9 

1 


X 

X 

T 

X 

X 

Qp 

L 

L 


■I 



X 

X 

t 

X 

X 

Qp 

H 

H 


■■ 


X 

+10V 

X 

T 

X 

X 

L 

Qp 

L 




X 

+10V 

X 

t 

X 

X 

H 

Qf 

H 




X 

X 

+10V 

X 

X 

X 

Qp 

Qf 

Qp 



| 

X 

X 

X 

X 

X 

X 

Q P 

Qf 

Qf 



H 

X 

X 

* 

X 

X 

X 

Qp 

El 

Hi-Z 

+5V 


X 

+10V 

X 

X 

T 

X 

X 

Qp 

■K 

L 



X 

+10V 

X 

X 

T 

X 

X 

Qp 

H 

H 



mm 

X 

+10V 

X 

T 

X 

X 

L 

Qf 

L 




X 

+10V 

X 

T 

X 

X 

H 

Qf 

H 




X 

X 

+10V 

X 

X 

X 

Qp 

Qf 

Qp 




X 

X 

X 

X 

X 

X 

Qp 

Q f 

Qf 


■ 

mm 

X 

X 

X 

T 

L 

L 

Q P 

Qf 

Qf 


■ ■ 


X 

X 

X 

T 

L 

H 

L 

L 

L 


■ 


X 

X 

X 

T 

H 

L 

H 

H 

H 



ft 
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X 

X 

T 

H 

H 

Op 

Of 

OF 

T 

X 

>< 

X 

X 

X 

X 

X 

X 

H 

H 



NOTES: 


1 . Positive Logic: 

S/R (or J/K) = T 0 + T, + T 2 + . . . T 63 

T n = (CO, Cl) (10, II, 12, . . .) (PO, P I P7) 

2. Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 

3. T denotes transition from Low-to-High level. 

4. * = H or L or +10V 

5. X = Don't Care (<5.5V) 

6. H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 
programmable). 

7. When using the F n pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE 

A factory-shipped virgin device contains all 

fusible links intact, such that: 

1 . INIT/OE is set to INIT. In order to use the 
INIT function, the user must select either 
the PRESET or the RESET option for 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if 
the INIT function is not used, all registers 
are preset to “1 " by the power-up 
procedure. 

2. All transition terms are inactive (0). 

3. All S/R (or J/K) flip-flop inputs are 
disabled (0). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard test 
pattern. 

5. Clock 2 is inactive. 


LOGIC FUNCTION 


Q3 

02 

Qi 

QO 

ra 

\L 

Gj 

M 

STATE REGISTER 

□ 

E 

□ 

□ 


S H j PRESENT STATE 
ABC-... 

(S n + 1 ) NEXT STATE 


SET Qg: Jo = (t?2 ' Qi * t 3 o) ' A ■ B * C . . . 

Ko = 0 

RESET Q,: =0 

K-j = (Q3 • O2 • Qi ’ XSq) ■ J'B’C... 

HOLD 0 2 : J 2 = 0 
K 2 = 0 

RESET Q3: J 3 = (Q 3 • O2 ■ Q, • XSq) ■ A ■ B ■ C . . . 

K3 = (Q3 ■ O2 ' Qi ' t So ) • A • B • C . . . 
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The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * /B * /C) and (A + B + C) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if any one or more of the 


AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 

Consider the Product Terms A, B and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 


all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that the PLUS405 sequencers have 2 
Complement Arrays which allow the user to 
design 2 independent Complement functions. 
This is particularly useful if 2 independent 
state machines have been implemented on 
one device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 


October 22, 1993 


420 













Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x64x8) 


PLUS405-55 


ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150X 

Maximum ambient 

75X 

Allowable thermal rise 
ambient to junction 

75°C 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

v cc 

Supply voltage 

+7 

V DC 

V, N 

Input voltage 

+5.5 

V DC 

V OUT 

Output voltage 

+5.5 

Vdc 

•in 

Input currents 

-30 to +30 

mA 

•out 

Output currents 

+100 

mA 

Tamb 

Operating temperature range 

0 to +75 

°C 

T s tg 

Storage temperature range 

-65 to +1 50 

°C 


NOTES: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 

OX < T amb < +75°C, 4.75V < V cc < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V,H 

High 

V cc = MAX 

2.0 



V 

Vil 

Low 

V cc = MIN 



0.8 

V 

Vic 

Clamp 3 

Vcc = MIN, l| N = -12mA 


-0.8 

-1.2 

V 

Output voltage 2 

V OH 

High 

V cc = MIN, l 0H = -2mA 

2.4 



V 

VOL 

Low 

Vcc = MIN, Iql = 9.6mA 


0.35 

0.45 

V 

Input current 

IlH 

High 

V cc = MAX, V, n = V cc 


<1 

30 

pA 

l|L 

Low 

Vcc = MAX, V| N = 0.45V 


-20 

-250 

pA 

Output current 

•o(OFF) 

Hi-Z state 

V cc = MAX, V 0U t = 2.7V 


1 

40 

pA 



V cc = MAX, V 0 ut = 0.45V 


-1 

-40 

pA 

•os 

Short circuit 3 ' 4 

VoUT = 0V 

-15 


-70 

mA 

•cc 

V C c supply current 5 

V cc = MAX 


190 

225 

mA 

Capacitance 

C IN 

Input 

V CC = 5.0V, V|m = 2.0V 


8 


PF 

C OUT 

Output 

V CC = 5.0V, V 0UT = 2.0V 


10 


PF 


NOTES: 

1 . All typical values are at V C c = 5V. T amt > = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Duration of short-circuit should not exceed one second. 

5. Icc is measured with the INIT/OH input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 

R, = 4700, R 2 = IkO, C L = 30pF, 0°C £ T amb ^ +75°C, 4.75V £ V cc ^ 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

LIMITS 

UNIT 

EDS 

TYP 1 

MAX 

Pulse width 

tCKHI 

Clock High; CLK1 (Pin 1) 

CK+ 

CK- 

mm 

6 


ns 

tCKLI 

Clock Low; CLK1 (Pin 1) 

CK- 

CK+ 

mm 

6 


ns 

tCKPI 

CLK1 Period 

CK+ 

CK+ 

15 

12 


ns 

tCKH2 

Clock High; CLK2 (Pin 4) 

CK+ 

CK- 

mm 

6 


ns 

tCKL2 

Clock Low; CLK2 (Pin 4) 

CK- 

CK+ 

mm 

6 


ns 

fcKP2 

CLK2 Period 

CK + 

CK + 

15 

12 


ns 

tlNUH 

Initialization pulse 

INIT- 

INIT+ 

14 

12 


ns 

Setup time 

t|S1 

Input 

7 

Input ± 

CK+ 

10 

9 


ns 

t|S2 

Input 

(through Complement Array) 

Input ± 

CK+ 

18 

15 


ns 

tvs 

Power-on preset 

v cc+ 

CK- 

0 

-10 


ns 

tvCK 

Clock resume 
(after Initialization) 

INIT- 

CK- 

D 

-5 

■ 

ns 

tNVCK 

Clock lockout 
(before Initialization) 

CK- 

INIT- 

12 

5 


ns 

Hold time 

t|H 

Input 

CK+ 

Input ± 

0 

-5 


ns 

Propagation delay 

tCKOI 

Clockl (Pin 1) 

CK1 + 

Output ± 


6.5 

8 

ns 

tcK02 

Clock2 (Pin 4) 

CK2+ 

Output + 


7.0 

8 

ns 

fQE 2 

Output Enable 

OE- 

Output- 


6.5 

8 

ns 

too 2 

Output Disable 

OE+ 

Output + 


6.5 

8 

ns 

t|NIT 

Initialization 

INIT+ 

Output + 


12 

18 

ns 

tpPR 

Power-on Preset 

v cc + 

Output + 


0 

10 

ns 


Notes on following page 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

R) =470n, R 2 = 1kn, C L = 30pF, 0°C <; T amb $ +75°C, 4.75V g Vg; < 5.25V 


SYMBOL 

PARAMETER 

FROM 

TO 

UMITS 

UNIT 


TYP 1 

MAX 

| Frequency of operation 

f MAX1 

CLK1 ; (with 

out Complement Array) 

' ) 

Input ± 

Output ± 

55.6 

64.5 


MHz 

^t|S1 +tcK01 ) 

fMAX2 

CLK2; (with 

out Complement Array) 

' ) 

Input ± 

Output ± 

55.6 

62.5 


MHz 

^t|Si +t C K02 ) 

f MAX3 

CLK1 ; (with 

Complement Array) 

- ) 

Input through 
Complement 
Array ± 

Output ± 

38.5 

46.5 


MHz 

^t|S2 + tcK01 ) 

f MAX4 

CLK2; (with 

Complement Array) 

- ) 

Input through 
Complement 
Array ± 

Output ± 

38.5 

45.5 


MHz 

^ t|S 2 + tcK02 ) 

Wx5 

Internal feed! 
Array (CLK1 

( 

jack without Complement 
or CLK2) 

» ) 

Register 
Output + 

Register 

Input! 

66.7 

83.3 


MHz 

tCKL + fcKH J 

fMAX6 

Internal feedback with 

Complement Array (CLK1 orCLK2) 

U) 

y t|S2 J 

Register 
Output 
through 
Complement 
Array ± 

Register 

Input! 

55.6 

66.7 


MHz 

fcLK 

Minimum guaranteed Clock frequency 

CK + 

CK + 

66.7 

83.3 


MHz 


NOTES: 

1 . All typical values are at Vcc = 5V, T am b = +25°C. 

2. For 3-State output; output enable times are tested with C L = 30pF to the 1 ,5V level, and St is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C[_ = 5pF. High-to-High impedance tests are made to an output 
voltage of Vy = (Vqh - 0.5V) with S, open, and Low-to-High impedance tests are made to the V T = (V OL + 0.5V) level with St closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 


TEST LOAD CIRCUIT 


VOLTAGE WAVEFORMS 
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TIMING DIAGRAMS (Continued) 
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TIMING DEFINITIONS 


SYMBOL 

PARAMETER 

tCKH1,2 

Width of input clock pulse. 

tCKP1,2 

Minimum guaranteed clock 
period. 

t|S1 

Required delay between 
beginning of valid input and 
positive transition of Clock. 

tCKOI.2 

Delay between positive 
transition of Clock and when 
Outputs become valid (with 
INIT/OE Low). 

Wr 

Delay between V cc (after 
power-on) and when Outputs 
become preset at “1 ”. 

l IS2 

Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 

l RJH 

Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 
(10V). 

f MAX1,2 

Minimum guaranteed 
operating frequency; input to 
output (CLK1 and CLK2). 

f MAX3, 4 

Minimum guaranteed 
operating frequency; input 
through Complement Array, 
to output (CLK1 and CLK2). 

f MAX5 

Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 


SYMBOL 

PARAMETER 

f MAX6 

Minimum guaranteed internal 
operating frequency with 
Complement Array, with 
internal feedback from state 
register through Complement 
Array, to state register. 

f CLK 

Minimum guaranteed clock 
frequency (register toggle 
frequency). 

tcKL1,2 

Interval between clock 
pulses. 

t|H 

Required delay between 
positive transition of Clock 
and end of valid Input data. 

l OE 

Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 

tSRE 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

l RJS 

Required delay between 
inputs 111, 110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 
inputs. 

l NVCK 

Required delay between the 
negative transition of the 
clock and the negative 
transition of the 

Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


SYMBOL 

PARAMETER 

tlNITH 

Width of initialization input 
pulse. 

l VS 

Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

•OD 

Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 

t|NIT 

Delay between positive 
transition of Initialization and 
when Outputs become valid. 

l SRD 

Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 

Irh 

Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 

l VCK 

Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 

Clock preceding first reliable 
clock pulse. 
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LOGIC PROGRAMMING 

The PLUS405-55 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEL™ and 
CUPL™ design software packages also 
support the PLUS405-55 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 

PLUS405-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 


INITIALIZATION/UE OPTION - (INIT/OE) 



PROGRAMMING THE PLUS405: 

The PLUS405 has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 


INITIALIZATION OPTION - (INIT) 



‘AND” ARRAY - (I), (P) 




V, 


STATE 


INACTIVE ’’ 2 



— C € 1 - 


9 


STATE 


l,P 





9 





mi! 


-cd:^ 


s 

J 

T„ 

STATE 

M253M. 

DON’T CARE 



Notes are on next page. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 


October 22, 1993 


427 






















Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable logic sequencer 
(16x64x8) 


PLUS405-55 


“OR” ARRAY - J-K FUNCTION - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



CLOCK OPTION - (CLK1/CLK2) 



PROGRAMMING/SOFTWARE SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 

Software Support) of this data handbook for additional 
information. 


NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 

4. These states are not allowed when using INITIALIZATION option. 

5. Input buffer 15 must be deleted from the AND array (i.e., all fuse locations “Don’t Care") when using second clock option. 

6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PRESENT STATE (Ps) 


BiKitrnnnraimiiTnrmnniTjnnnFinninmmnrjizimrannra 


^SiiiiiliiiiiiiliiB 


NEXT STATE (Ns) 




HHBHBHBH 


P P 

CO d CO 
3X3 
0 0.0 


NOTES: 

1 . The device is shipped with ail links initially intact. Thus, a background of "0" for all Terms, and an "H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 
for clarity. 

2. Unused Cn Im, and Ps bits are normally programmed Don't Care (— ). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (— ) for maximum speed. 
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universal PAL devices 


P3C1 8V8Z35/P3C1 8V8ZI 


DESCRIPTION 

The P3C18V8Z is a universal PAL-type 
device designed to operate specifically in a 
low voltage environment (3.3V). Per JEDEC, 
the P3C18V8Z can support a regulated 
operating supply voltage, 3.0 to 3.6V and an 
unregulated (battery) operating supply 
voltage, 2.7 to 3.6V, at 21 and 18 MHz, 
respectively. The PAL device is available in 
the commercial temperature range, 
P3C18V8Z35, and the industrial temperature 
range, P3C18V8ZI. 

These devices offer virtually zero standby 
power (20pA typical) as well as very low 
power consumption during operation (23mA 
worst case in combinatorial configuration). 
The P3C18V8Z automatically powers down 
when the inputs or the clock are idle for 
greater than one full clock cycle. The device 
will automatically power up from a standby 
mode once any input or the clock is activated. 
This input transition detection circuitry makes 
these devices ideal for power sensitive 
applications — especially those which are 
battery operated or backed up. 

All the P3C18V8Z devices are available in 
plastic DIP, PLCC and Plastic Small Outline 
(SOL) packages. A ceramic DIP with a 
window for erasure is available for 
prototyping. 

The P3C18V8Z is a two level logic element 
comprised of 10 inputs, 74 AND gates (logic 
and control product terms) and 8 Output 
Macro Cells (OMCs). Each OMC can be 
configured as a dedicated input, a 
combinatorial I/O or a registered output with 
internal feedback. Each OMC has individual 
direction control (from the AND array) and 
programmable output polarity. The dedicated 
clock and OE pins can be configured as 
inputs for strictly combinatorial applications. 
Two product terms control the asynchronous 
Reset and the synchronous Preset functions. 


Power up Reset and Register Preload 
functions have also been incorporated into 
the P3C18V8Z to facilitate state machine 
design and testing. 

The Output Macro Cell feature of the 
P3C18V8Z devices provides the flexibility to 
emulate all 20 pin common PAL and GAL 
functions, thus providing reduced 
documentation, inventory and manufacturing 
costs. The P3C18V8Z is also pin and fuse 
map compatible with all the Philips 5 Volt 
P3C18V8Z devices. 

FEATURES 

• 20-pin Universal Programmable Array 
Logic (PAL), operational over low voltage 
ranges 

- 3.0 to 3.6V (35ns T PD /21 MHz f M Ax) 

- 2.7 to 3.6V (40ns T PD /18 MHz f MAX ) 

• Virtually zero-standby-power and very low 
dynamic power 

- 20|iA standby (typ.) 

- 0.8 mA/MHz (worst case) 

• Functional replacement for Series 16 PALs 
and GALs 

- Highly flexible Output Macro Cell 

• Available in DIP, PLCC and SOL (Small 
Outline) packages 

• High performance EPROM CMOS cell 
technology 

- 100% testable prior to programming 

- Low cost OTP plastic packages 

- Erasable/reconfigurable (ceramic 
package) 

• Design support provided by most popular 
third party programmable Logic CAD tools 

APPLICATIONS 

• Laptop, notebook and palm top computers 

• Portable communications equipment 

• Battery power/backed instruments 

• Industrial automation/control 


PIN CO NFIGURATIONS 

D, N, and FA Packages 



N * Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA » Ceramic DIP with Quartz Window (300mil-wide) 

D « Plastic Small Outline Large Package (300mil-wide) 

A Package 
'o' 

12 h CLKVqc f 7 

nn m |2q| [Tii 




>3 

14 E 
is GE 
is E 
I? E 


UTMEIMM 

Ig GND Ig/ Fq F^ 
OE 

A - Plastic Leaded Chip Carrier 


HI Fe 
m F5 
U F4 
lU F3 
u]f 2 


PIN DESCRIPTIONS 


1 

Dedicated Input 

F 

Output/Input Macrocell 

CLK 

Clock Input 

OE 

Output Enable 

Vcc 

Supply Voltage 

GND 

Ground 


ORDERING INFORMATION 


DESCRIPTION 

TEMPERATURE 

RANGE 

ORDER CODE 

DRAWING 

NUMBER 

20-Pin (300mil-wide) Plastic Dual In-Line Package 

Commercial 

P3C18V8Z35N 

0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window 


P3C18V8Z35FA 

0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package 


P3C18V8Z35A 

0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package 


P3C18V8Z35D 

0172D 

20-Pin (300mil-wide) Plastic Dual In-Line Package 

Industrial 

P3C18V8ZIN 

0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window 


P3C18V8ZIFA 

0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package 


P3C18V8ZIA 

0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package 


P3C18V8ZID 

0172D 
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PAL DEVICE TO P3C18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 


PIN 

NO. 

P3C 

18V8Z 

[1 

16R4 

16RP4 

16R6 

16RP6 

16R8 

16RP8 

m 

■Tgj 

14L4 

14H4 

14P4 

12L6 

12H6 

12P6 

10L8 

10H8 

10P8 

1 

lo/CLK 

1 

CLK 

CLK 

CLK 

i 

1 

1 

1 

19 

F7 

B 

B 

B 

D 

i 

1 

1 

O 

18 

F6 

B 

B 

D 

D 

i 

1 

0 

o 

17 

F5 

B 

D 

D 

D 

i 

0 

0 

0 

16 

F4 

B 

D 

D 

D 

o 

0 

O 

o 

15 

F3 

B 

D 

D 

D 

o 

O 

O 

o 

14 

F2 

B 

D 

D 

D 

i 

0 

0 

o 

13 

FI 

B 

B 

D 

D 

i 

1 

0 

o 

12 

F0 

B 

B 

B 

D 

i 

1 

1 

o 

11 

Ig/OE 

1 

OF 

OF 

OF 

i 

1 

1 

1 


The Philips Semiconductors' state-of-the-art 
Floating-Gate CMOS EPROM process yields 
bipolar equivalent performance at less than 
one-quarter the power consumption. The 
erasable nature of the EPROM process 
enables Philips Semiconductors to 
functionally test the devices prior to shipment 

OUTPUT MACRO CELL (OMC) 


to the customer. Additionally, this allows 
Philips Semiconductors to extensively stress 
test, as well as ensure the threshold voltage 
of each individual EPROM cell. 1 00% 
programming yield is subsequently 
guaranteed. 


FUNCTIONAL DIAGRAM 



THE OUTPUT MACRO CELL 
(OMC) 

The P3C18V8Z series devices have 8 
individually programmable Output Macro 
Cells. The 72 AND inputs (or product terms) 
from the programmable AND array are 
connected to the 8 OMCs in groups of 9. 

Eight of the AND terms are dedicated to logic 
functions; the ninth is for asynchronous 
direction control, which enables/disables the 
respective bidirectional I/O pin. Two product 
terms are dedicated for the Synchronous 
Preset and Asynchronous Reset functions. 

Each OMC can be independently 
programmed via 16 architecture control bits, 
AC1 n and AC2 n (one pair per macro cell). 
Similarly, each OMC has a programmable 
output polarity control bit (Xn). By configuring 
the pair of architecture control bits according 
to the configuration cell table, 4 different 
configurations may be implemented. Note that 
the configuration cell is automatically 
programmed based on the OMC 
configuration. 

DESIGN SECURITY 

The P3C18V8Z series devices have a pro- 
grammable security fuse that controls the ac- 
cess to the data programmed in the device. 

By using this programmable feature, propri- 
etary designs implemented in the device can- 
not be copied or retrieved. 


FROM AND 
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CONFIGURATION CELL 

A single configuration cell controls the 
functions of Pins 1 and 11 . Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
clock and Pin 1 1 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 


for all registered OMCs is common— from Pin 
1 1 only. Output enable control of the 
bidirectional I/O OMCs is provided from the 
AND array via the direction product term. 

If any one OMC is configured as registered, 
the configuration cell will be automatically 
configured (via the design software) to ensure 
that the clock and output enable functions are 


enabled on Pins 1 and 11, respectively. If 
none of the OMCs are registered, the 
configuration cell will be programmed such 
that Pins 1 and 11 are dedicated inputs. The 
programming codes are as follows: 


Pinl = CLK, Pin 11 = OE 

L 

Pin 1 and Pin 11= Input 

H 


FUNCTION 

CONTROL CELL CONFIGURATIONS 

COMMENTS 

AC1, 

AC2 N 

CONFIG. CELL 

Registered mode 

Programmed 

Programmed 

Programmed 

Dedicated dock from Pin 1 . OE Control 
for all registerd OMCs from Pin 1 1 only. 

Bidirectional I/O mode 

Unprogrammed 

Unprogrammed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. 

3-State control from AND array only. 

Fixed input mode 

Unprogrammed 

Programmed 

Unprogrammed 

Pins 1 and 11 are dedicated inputs. 

Fixed output mode 

Programmed 

Unprogrammed 

Unprogrammed 

Pins 1 and 1 1 are dedicated inputs. The 
feedback path (via Fmux) is disabled. 


NOTE: 


4. This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL— AC1 and AC2 



NOTES: 


A factory shipped unprogrammed device is configured such that: 

1 . This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically 

configured to ensure that the clock and output enable functions are enabled on Pins 1 and 11 , respectively, if any one OMC is programmed 
as registered. 

* All AND gates are pulled to a logic "0” (Low). 

* Output polarity is inverting. 

* Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 

* All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
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ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

Vcc 

Supply voltage 

-0.5 to +6 

Vcc 

Operating supply voltage 

2.7 to 3.6 

V|N 

Input voltage 

— 0.5 to Vqq +0.5 

VoUT 

Output voltage 

—0.5 to Vcc +0-5 

At/AV 

Input/clock transition rise or fall 2 

200 

•in 

Input currents 

-10 to +10 

•out 

Output currents 

+24 

Tamb 

Operating temperature range 

-40 to +85 (Industrial) 

0 to +75 (Commercial) 

T s tg 

Storage temperature range 

-65 to +150 



THERMAL RATINGS 

TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 

75°C 


mmm 


ns/V 

maximum 


NOTES: 

1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 

2. All digital circuits can oscillate ortrigger prematurely when input rise andfall times are very long. 
When the input signal to a device is at or near the switching threshold, noise on the line will 
be amplified and can cause oscillation which, if the frequency is low enough, can cause 
subsequent stages to switch and give erroneous results. For this reason, external 
Schmitt-triggers are recommended if rise/fall times are likely to exceed 200ns at Vcc = 3.6V. 


AC TEST CONDITIONS 


VOLTAGE WAVEFORMS 



SWITCHING WAVEFORM 



September 1, 1993 


437 


































Philips Semiconductors Programmable Logic Devices 


Product specification 


3 Volt zero standby power 
universal PAL devices 


P3C1 8V8Z35/P3C1 8V8ZI 


DC ELECTRICAL CHARACTERISTICS 

2.7V < Vcc ^ 3.6 and 3.0V < Vcc ^ 3.6 ranges 
Commercial = 0°C < T a mb £ +75°C 
Industrial = -40°C < Tamb ^ +85°C 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 

V, L 

Low 

V cc = MIN 

-0.3 


0.8 

V 

V,H 

High 

V cc = MAX 

2.0 


V CC + 0.3 

V 

Output voltage 2 

V OL 

Low 

Vcc = MIN, Iql = 20|aA 

V CC = MIN, Iql = 24mA 



0.100 

0.500 

V 

V 

VoH 

High 

Vcc = 3.0, Ioh = -3.2mA 

Vcc = 3.0, Ioh = -20pA 

Vcc = 2.7, Iqh = — 1 -6pA 

Vcc - 0.6 
Vcc — 0.3 
V CC -0.3 



V 

V 

Input current 

III 

Low 5 

V| N = GND 



-5 

pA 

l|H 

High 

o 

o 

> 

II 

2 

> 



5 

pA 

Output current 

lo(OFF) 

Hi-Z state 

VoUT = Vcc 

V 0UT = GND 



10 

-10 

pA 

pA 

■os 

Short-circuit 3 

V 0 uT = GND 



-130 

mA 

■cc 

V cc supply current (Standby) 

V C c = MAX, V IN = 0 or V cc 6 


20 

60 

pA 

lcc/f 

V C c supply current (Active) 4 

V cc = MAX 



0.8 

mA/MHz 

Capacitance 

Ci 

Input 

V CC = 5V 

V, N = 2.0V 


12 


pF 

C B 

I/O 

V B = 2.0V 


15 


PF 



f(MHz) 

Figure t. I c c vs Frequency 
(Worst Case) 


NOTES: 

1 . All typical values are at V C c = 3.3V, T an t> = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one at a time. 

4. Measured with all outputs swtiching. 

5. Ijl for Pin 1 (Iq/CLK) is ± lOpA with V !N = 0.4V. 

6. V| N includes CLK and UE if applicable. 
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AC ELECTRICAL CHARACTERISTICS 

3.0V < V C c ^ 3.6V range; R 2 = 3900 
Commercial = 0°C < T am t, < +75°C 
Industrial = -40°C < T am b < +85°C 






TEST CONDITION 1 

P3C18V8Z35 

(Commercial) 

P3C18V8ZI 

(Industrial) 


SYMBOL 

PARAMETER 

FROM 

TO 

C L (pF) 

MIN 

MAX 

MIN 

MAX 

UNIT 

| Pulse width 

fcKP 

Clock period (Minimum t| S + tc«o) 

CLK + 

CLK + 

50 

47 


57 


ns 

fcKH 

Clock width High 

CLK + 

CLK- 

50 

20 


25 


ns 

tCKl 

Clock width Low 

CLK- 

CLK + 

50 

20 


25 


ns 

tARW 

Async reset pulse width 

l±, F+ 

iaa 


35 


40 


ns 

Hold time j 

| t| H 

Input or feedback data hold time 

CLK + 

Input ± 

50 

0 

1 ° 1 

ns 

Setup time 

Us __ 

Input or feedback data setup time 

l±, F± 

CLK + 

50 

25 


30 


ns 

Propagation delay 

IPD 

Delay from input to active output 

l±, F± 

F+ 

50 


35 


40 

ns 

tcKO 

Clock High to output valid access 

Time 

CLK + 

F± 

50 

■ 

15 

■ 

20 

ns 

f0E1 

Product term enable to outputs off 

1 +, F± 

F+ 

50 


40 


45 

ns 

t0D1 

Product term disable to outputs off 

1 ±, F+ 

F+ 

5 


35 


40 

ns 

>002 

Pin 11 output disable High to outputs 
off 

OE- 

F± 

5 

■ 

25 


30 

ns 

k)E2 

Pin 1 1 output enable to active output 

OE + 

F± 

50 


30 


35 

ns 

l ARD 

Async reset delay 

l±, F± 

F + 



35 


40 

ns 

Iarr 

Async reset recovery time 

l±, F+ 

CLK + 


25 


30 


ns 

tsPR 

Sync preset recovery time 

l±, F+ 

CLK + 


25 


30 


ns 

IPPR 

Power-up reset 

+ 

8 

> 

F + 



35 


40 

ns 

Frequency of operation | 

f MAX 

Maximum frequency 

^(fis + fcKo) 

50 


25 


20 



NOTES: 


1 . Refer also to AC Test Conditions. (Test Load Circuit) 
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AC ELECTRICAL CHARACTERISTICS 

2.7V ^ V cc < 3.6V range; R 2 =390C2 
Commercial = 0°C < T am b S +75°C 
Industrial = — 40°C < T a mb < +85°C 


SYMBOL 

PARAMETER 

FROM 

TO 

TEST CONDITION 1 

P3C18V8Z35 

(Commercial) 

P3C18V8ZI 

(Industrial) 

UNIT 

C L (pF) 


MAX 

MIN 

MAX 

Pulse width 

fCKP 

Clock period (Minimum t| S + tcKo) 

CLK + 

CLK + 

50 

57 


57 


ns 

*CKH 

Clock width High 

CLK + 

CLK- 

50 

25 


30 


ns 

tCKL 

Clock width Low 

CLK- 

CLK + 

50 

25 


30 


ns 

( ARW 

Async reset pulse width 

l±, F± 



40 


45 


ns 

Hold time 

t| H 

Input or feedback data hold time 

CLK + j Input ± 

50 | 0 


0 


ns 

Setup time 

tis 

Input or feedback data setup time 

1 ±, F+ | CLK + 

50 | 30 

1 35 1 l_"f_ 

Propagation delay 

tpD 

Delay from input to active output 

l+, F± 

F± 

50 


40 


45 

ns 

tCKO 

Clock High to output valid access 

Time 

CLK + 

F± 

50 

■ 

17 


22 

ns 

f0E1 

Product term enable to outputs off 

1 ±, F± 

F± 

50 


45 


50 

ns 

lODI 

Product term disable to outputs off 

l±, F± 

F± 

5 


40 


45 

ns 

*002 

Pin 11 output disable High to outputs 
off 

OE- 

F± 

5 


30 


35 

ns 

k)E2 

Pin 1 1 output enable to active output 

OE + 

F± 

50 


35 


40 

ns 

l ARD 

Async reset delay 

l±, F± 

F + 



40 


45 

ns 

URR 

Async reset recovery time 

l±, F± 

CLK + 


30 


35 


ns 

ISPR 

Sync preset recovery time 

l+, F+ 

CLK + 


30 


35 


ns 

tpPR 

Power-up reset 

Vcc + 

F + 



40 


45 

ns 

Frequency of operation 

fMAX | Maximum frequency j l/fe + tcxo) | 50 | | 21 [ 1 17 1 MHz 


NOTES: 

1. Refer also to AC Test Conditions. (Test Load Circuit) 
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POWER-UP RESET 

In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated in the P3C18V8Z. All internal 
registers will reset to Active-Low (logical “0") 
after a specified period of time (Ippr). 


Therefore, any OMC that has been 
configured as a registered output will always 
produce an Active-High on the associated 
output pin because of the inverted output 
buffer. The internal feedback (Q) of a 


registered OMC will also be set Low. The 
programmed polarity of OMC will not affect 
the Active-High output condition during a 
system power-up condition. 


TIMING DIAGRAMS 


INPUTS 
I/O. REG. 
FEEDBACK 


REGISTERED 

OUTPUTS 


ANY INPUT ' 
PROGRAMMED FOR 
DIRECTION CONTROL . 


COMBINATORIAL 

OUTPUTS 


X 


/ V 




V 

* tCKH *■ 

* 'CKL ► 

'L / 


> ' 

f > 


* t c 

CP * 


■ 'CKO 


_4 V 

*'OD2*1 tOE 

1 J i 



■IPD 


I tQDI 1 

1 1 

r — >oei 

( ) 

3-STATE 


xzzx 

t 


Switching Waveforms 


v cc 


(OUTPUTS) 


LB 

(INPUTS) 




•* fpPR-* 


VM 


d.5V 

^1.5V 




|*'CKO» 



^ 1.5V 

)( 

1.5V 



h — l CKL — ** 


'is 



~\ 7 

d 1 — 

* <CKH 

m 

o 

7\ 

ik 

Ln 

< 


<CKP 

NOTE: 

Diagram presupposes that the outputs (F) are enabled. The reset occurs regardtess of the output condition (enabled or disabled). 

Power-Up Reset 


VOL 

+3V 

0V 

+3V 

0V 
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REGISTER PRELOAD FUNCTION 
(DIAGNOSTIC MODE ONLY) 

In order to facilitate the testing of state 
machine/controller designs, a diagnostic 
mode register preload feature has been 
incorporated into the P3C18V8Z series 
device. This feature enables the user to load 


the registers with predetermined states while 
a super voltage is applied to Pins 1 1 and 6 
(Ig/DE and I5). (See diagram for timing and 
sequence.) 

To read the data out, Pins It and 6 must be 
returned to normal TTL levels. The outputs, 
F0-7, must be enabled in order to read data 


out. The Q outputs of the registers will reflect 
data in as input via Fo_ 7 during preload. 
Subsequently, the register Q output via the 
feedback path will reflect the data in as input 
via F 0 _7. 

Refer to the voltage waveform for timing and 
voltage references. tp L = 1 0psec. 


REGISTER PRELOAD (DIAGNOSTIC MODE) 
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LOGIC PROGRAMMING 

The P3C18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABEL™ and 
CUPL™ 90 design software packages also 
support the P3C18V8Z architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 
CUPL also accept, as input, schematic 
capture format. 


P3C18V8Z logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SNAP only. 

With Logic programming, the 
AND/OR/EX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 


various OMC configurations are implemented 
by programming the Architecture Control bits 
AC1 and AC2. Note that the configuration cell 
is automatically programmed based on the 
OMC configuration. 

In this table, the logic state of variables I, P 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


OUTPUT POLARITY - (O, B) 




„ 4 ” 

x i °' b 


X 

ACTIVE LEVEL CODE 

ACTIVE LEVEL CODE 

INVERTING 1 L 

NON-INVERTING H 


“AND” ARRAY - (I, B) 



NOTE: 

1 . A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the P3C18V8Z 
Series devices are such that erasure begins 
to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lighting could erase a typical P3C18V8Z in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
P3C18V8Z is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels should be placed over 
the window to prevent unintentional erasure. 


The recommended erasure procedure for the 
P3C18V8Z is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(i.e., UV intensity x exposure time) for 
erasure should be a minimum of 
1 5Wsec/cm 2 . The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,000pW/cm 2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 
7258Wsec/cm 2 ). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


ABEL is a trademark of Data I/O Corp. 

CUPL is a trademark of Logical Devices, Inc. 


September 1, 1993 


444 














Philips Semiconductors Programmable Logic Devices 


Product specification 


3 Volt zero standby power 
universal PAL devices 


P3C1 8V8Z35/P3C1 8V8ZI 


PROGRAM TABLE 
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CONFIGURATION CELL (CLK/OE CONTROL) T 
ARCH. CONTROL BITS f ' ' ' 

OUTPUT POLARITY 


F(t) 


OR (FIXED) 


1 191 181 17 1 161 15 1 14 1 1311^ 



□ 


□ 


11 

ESSEE 

B 


ISBEMlliS 

0 

RXED INPUT 

1 

RXED OUTPUT 

a 

BIDIRECTIONAL I/O 



OR ARRAY (RXED) 


OUTPUT POLARITY 


NON-INVERTING 

H 

INVERTING 

L 

CONHG. CELL" 

PIN 1 = CLK; PIN 11 = OE 

L 

PIN 1, PIN 11 = INPUT 

H 


DATA CANNOT BE ENTERED 
INTO THE OR ARRAY FIELD 
DUE TO THE RXED NATURE 
OF THE DEVICE ARCHITEC- 
TURE 

DIRECTION CONTR OL! D 
ACTIVE OUTPUT 


THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE 
* FOR SP, AR: IS NOT ALLOWED. 
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P3C1 8V8Z35/P3C1 8V8ZI 


SNAP RESOURCE SUMMARY DESIGNATIONS 


icycLK 



FROM AND 
ARRAY 


4 TO ALL OMCs 


DIRECTION CONTROL TERM 


Bn 


OUTPUT I I Q 

POLARITY 1 |CLK 

CONTROL ' I 


Vcc-Joi OE 
I MUX 


H-. XoRDIrI 




NOTE: 

Denotes a programmable cell location. 



00 

F 

10 

MUX 

11 


01 


T V V 

TO ALL OMCs 


FDMUX -=±- 
OF11V8 

OE 
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Philips Semiconductors Programmable Logic Devices 


Preliminary specification 


3 Volt BiCMOS Versatile GAL-type PLD 


LVT16V&-7 


DESCRIPTION 

The LVT16V8-7 is a V-type GAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BiCMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces power to less 
than 0.5 watts (worst case). 

This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V ± 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (5.0V and 3.3V). 
The LVT16V8-7 can accept both 3.3 and 
5.0V input levels without the need for level 
translators. Both the inputs and I/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT16V8 is interfaced with 5V devices. 

The LVT16V8-7 is designed with metastable 
hardened flip-flops so that the outputs can 
never display a metastable state due to set 
up or hold time violations. If set up or hold 
times are violated, the outputs will not glitch 
or display a metastable state (however 
propagation delays may extend). 

Active bus-hold circuitry is provided to 
eliminate the need for external resistors to 
hold unused or floating inputs at valid logic 
levels. 

The LVT16V8’s flexible architecture supports 
a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines, 
multiplexers and random logic collection. 

The LVT16V8-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 16V8 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 


ORDERING INFORMATION 


FEATURES 

• Advanced low voltage BiCMOS process 
technology 

• Ultra high performance over the 3.0 to 3.6 
voltage range 

- 7.5ns Tpd 

- 5.0ns T|s 

- 5.0ns Tcko 

- 110 MHz Fmax (internal feedback) 

- 143 MHz clock rate 

• Low power dissipation 

- 300mW typical 

• 5V compatible inputs and I/O 

• Exceptional noise immunity and low ground 
bounce 

• Live insertion/extraction 

• Bus-hold data inputs eliminate the need for 
external pull up resistors. 

• Wide package availability; DIP, PLCC, SOL 

• Metastable hardened Flip-Flops 

• Architectural Flexibility 

- Emulates all 20 pin PAL devices 

- Up to 16 inputs and 8 outputs 

- Independently programmable I/O 
macrocells (4 configurations) 

- Independently programmable output 
polarity 

- Product term output enable for 
combinatorial functions 

- Register Preload and Power Up reset of 
all registers 

• Development and programming support 

- Third party software and programmers 

- Philips SNAP development software 


PIN CONFIGURATIONS 


D and N Packages 



N = Plastic DIP (300mi!-wide) 
D = Plastic SOL (300mil-wide) 



A Package 

l 2 li /IO Vcc^07 

0 0 rn ^ 0 


! 3 0 

* • 

Tty 17 06 

Ela 


n) |; o5 

i 5 m 


16] 1/04 

ma 


U l/ 0 3 

on 


m] l/()2 


MEEMM 

l e GND OE I/qo l/oi 


A = Plastic Leaded Chip Carrier 


PIN TABLE DESCRIPTIONS 


CLK 

Clock 

GND 

Ground 

1 

Input 

I/O 

Input/Output Macro Cell 

NC 

No connect 

OE 

Output Enable 

Vcc 

Supply Voltage 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

20-Pin Plastic Dual In-Line Package 

LVT 1 6V8-7N 

0408B 

20-Pin Plastic Leaded Chip Carrier 

LVT16V8-7A 

0400 E 

20-Pin Plastic Small Outline Large Package 

LVT16V8-7D 

0172D 
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Philips Semiconductors Low Voltage Products 


Preliminary specification 


3 Volt BiCMOS Versatile PAL 


LVT22V1 0-7 


DESCRIPTION 

The LVT22V10-7 is a V-type PAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BiCMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces the power 
consumption to less than 100mA (worst 
case). 

This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V ± 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (5.0V and 3.3V). 
The LVT22V10-7 can accept both 3.3 and 
5.0V input levels without the need for level 
translators. Both the inputs and I/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT22V10 is interfaced with 5V devices. 

The LVT22V10-7 is designed with 
metastable hardened flip-flops so that the 
outputs can never display a metastable state 
due to set up or hold time violations. If set up 
or hold times are violated, the outputs will not 
glitch or display a metastable state however 
(propagation delays may extend). 

The LVT22V10's flexible architecture 
supports a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines 
multiplexers and random logic collection. 

The LVT22V10-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 22V10 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 


FEATURES 

• Advanced low voltage BiCMOS process 
technology 

• Ultra high performance over the 3.0 to 3.6 
voltage range 

- 7.5ns Tpo 

- 5.0ns Tis 

- 6.0ns Tcko 

- 110 MHz Fmax (internal feedback) 

- 143 MHz clock rate 

• Low power dissipation 

- 300mW typical 

• 5V compatible inputs and I/O 

• Exceptional noise immunity and low ground 
bounce 

• Live insertion/extraction 

• Metastable hardened Flip-Flops 

• Wide package availability; DIP, PLCC, SOL 

• Architectural Flexibility 

- Up to 22 inputs and 10 outputs 

- Variable product term distribution for 
greater logic flexibility 

- Synchronous preset; asynchronous clear 

- Independently programmable output 
polarity and output enable 

- Register preload and power up reset of 
all registers 

- Register Preload and Power Up reset of 
all registers 

• Development and programming support 

- Third party software and programmers 

- Philips SNAP development software 


PIN CONFIGURATIONS 



D and N Packages 


10/CLK [7 


Ml v cc 


ii [1 


23] F9 



12 [3 


22] F8 



13 E 


m F7 



14 E 


M] F6 



15 [7 


19] F5 



16 [T 


m F4 



17 [T 


TT] F3 



18 OE 


if] F2 



19 01 


if] FI 



no 01 


if] F0 


GND Q1 


if] HI 


N « Plastic Dual In-Line Package (300mil-wlde) 

D * Plastic Small Outline Large (300mil-wide) 

Package 



A Package 




CLK / 

12 11 10 Vcc V CC F9 F8 

[11 fs] [I] jlf |28| j27l |26| 


13 [T 

/ 

• 


25} F7 

14 [6 




24] F6 

15 [T 




23] F5 

GNDQf 




22] GND 

16 [9 




2l] F4 

17 Qo 




l>] F3 

18 QT 




Ml F2 


m IM H 0 M 0 OH 

19 110 GNDGNDI11 F0 FI 


A » Plastic Leaded Chip Carrier 




PIN LABEL DESCRIPTIONS 


11-111 

Dedicated Input 

NC 

Not Connected 

F0-F9 

Macro Cell Input/Output 

CLK/10 

Clock Input/Dedicated Input 

Vcc 

Supply Voltage 

GND 

Ground 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual In-Line Package 

LVT22V10-7N 

041 0D 

28-Pin Leaded Chip Carrier 

LVT22V10-7A 

0401 F 

24-Pin Plastic Small Outline Large Package 

LVT22V10-7D 

0173D 
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LOGIC DIAGRAM 




NOTE: 

Programmable connection. 
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Philips Semiconductors Low Voltage Products 


Preliminary specification 


3 Volt BiCMOS Versatile GAL-type PLD 


LVT20V8-7 


DESCRIPTION 

The LVT20V8-7 is a V-type GAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BiCMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces power to less 
than 0.5 watts (worst case). 

This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V ± 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (5.0V and 3.3V). 
The LVT20V8-7 can accept both 3.3 and 
5.0V input levels without the need for level 
translators. Both the inputs and I/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT20V8 is interfaced with 5V devices. 

The LVT20V8-7 is designed with metastable 
hardened flip-flops so the outputs can never 
display a metastable state due to set up or 
hold time violations. If set up or hold times 
are violated, the outputs will not glitch or 
display a metastable state (however 
propagation delays may extend). 

Active bus-hold circuitry is provided to 
eliminate the need for external pull up 
resistors to hold unused or floating inputs at 
valid logic levels. 

The LVT20V8's flexible architecture supports 
a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines, 
multiplexers and random logic collection. 

The LVT20V8-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 20V8 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 


FEATURES 

• Advanced low voltage BiCMOS process 
technology 

• Ultra high performance over the 3.0 to 3.6 
voltage range 

- 7.5ns Tpo 

- 5.0ns Tis 

- 6.0ns Tcko 

- 110MHz Fmax (internal feedback) 

- 143MHz clock rate 

• Low power dissipation 

- 300mW typical 

• 5V compatible inputs and I/O 

• Exceptional noise immunity and low ground 
bounce 

• Live insertion/extraction 

• Metastable hardened Flip-Flops 

• Wide package availability; DIP, PLCC, SOL 
. Bus-hold data inputs eliminate the need for 

external pull up resistors 

• Architectural Flexibility 

- Emulates all 24 pin PAL devices 

- Up to 20 inputs and 8 outputs 

- Independently programmable I/O 
macrocells (4 configurations) 

- Independently programmable output 
polarity 

- Product term output enable for 
combinatorial functions 

- Register Preload and Power Up reset of 
all registers 

• Development and programming support 

- Third party software and programmers 

- Philips SNAP development software 


PIN CONFIGURATIONS 



D and N Packages 


CLK/I/O [7 


I 4 ] v cc 


ii [7 


|D 113 



12 [7 


If] 1/07 



13 [T 


ST] 1/06 



14 [1 


ID 1/05 



15 [6 


7D 1/04 



16 [7 


ID 1/03 



17 [8 


77] 1/02 



18 [7 


ID 1/01 



19 [To 


ID 1/00 



no [77 


ID 112 


GND [71 


ID fTF/111 

N = Plastic DIP (300mil-wide) 

D - Plastic SOL (300 mil-wide) 





A Package 




12 11 C vo yccVcc 113 1/07 

i*i rri [fi [Tf [gii p7| [i6| 


is CE 

/ 

• 


ID 1/06 

14 [j[ 




ID 1/05 

15 U 




|D 1/04 

gnd|T 




|D GND 

is OE 




ID 1/03 

I? Ho 




|D 1/02 

18(77 




ID 1/01 


[12[ [13| [14) [15| [16) (12) [18| 



19 no gndgndoe/ 112 1/0 




111 



A = Plastic Leaded Chip Carrier 




PIN TABLE DESCRIPTIONS 


CLK 

Clock 

GND 

Ground 

1 

Input 

I/O 

Input/Output Macro Cell 

NC 

No connect 

OE 

Output Enable 

Vcc 

Supply Voltage 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

24-Pin Plastic Dual In-Line Package 

LVT20V8-7N 

0410D 

28-Pin Plastic Leaded Chip Carrier 

LVT20V8-7A 

0401 F 

24-Pin Plastic Small Outline Large Package 

LVT20V8-7D 

0173D 


July 1993 


451 




















Philips Semiconductors Low Voltage Products 


Preliminary specification 


3 Volt BiCMOS Versatile GAL-type PLD 


LVT20V8-7 



July 1993 


452 


















Programmable Logic Devices 


Section 7 

Programmable Macro Logic 
Devices 


CONTENTS 

PLHS501/PLHS501I Programmable macro logic 455 

PML2552 CMOS high density programmable macro logic 467 

PML2852 CMOS high density programmable macro logic 486 




Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable macro logic 
PML™ 


PLHS501 /PLHS501 1 


FEATURES 

• Programmable Macro Logic device 

• Full connectivity 

• TTL compatible 

• SNAP development system: 

- Supports third-party schematic entry 
formats 

- Macro library 

- Versatile netlist format for design 
portability 

- Logic, timing, and fault simulation 

• Delay per internal NAND function = 6.5ns 

(typ) 

• Testable in unprogrammed state 

• Security fuse allows protection of 
proprietary designs 


STRUCTURE 

• NAND gate based architecture 

- 72 foldback NAND terms 

• 136 input-wide logic terms 

• 44 additional logic terms 

• 24 dedicated inputs (l 0 - 123) 

• 8 bidirectional I/Os with individual 3-State 
enable: 

- 4 Active-High (B 4 - B 7 ) 

- 4 Active-Low (B 0 - B 3 ) 

• 16 dedicated outputs: 

- 4 Active-High outputs 

Oo, O] with common 3-State enable 
0 2 , 0 3 with common 3-State enable 

- 4 Active-Low outputs: 

0 4 , 0 5 with common 3-State enable 
0 6 , O7 with common 3-State enable 

- 8 Exclusive-OR outputs: 

Xo, X! with common 3-State enable 
X 2 , X 3 with common 3-State enable 
X 4 , X 5 with common 3-State enable 
X 6 , X 7 with common 3-State enable 


PIN CONFIGURATION 


A Package 
(52-pin PLCC) 

>17 <16 <15 <14 <13 <12 <11 <10 <9 <8 <7 <6 <S 



[X 6 


DESCRIPTION 

The PLHS501 is a high-density Bipolar 
Programmable Macro Logic device. PML 
incorporates a programmable NAND 
structure. The NAND architecture is an 
efficient method for implementing any logic 
function. The SNAP software development 
system provides a user friendly environment 
for design entry. SNAP eliminates the need 
for a detailed understanding of the PLHS501 
architecture and makes it transparent to the 
user. PLHS501 is also supported on the 
Philips Semiconductors SNAP software 
development systems. 

The PLHS501 is ideal for a wide range of 
microprocessor support functions, including 
bus interface and control applications. 

The PLHS501 is also processed to industrial 
requirements for operation over an extended 
temperature range of -40°C to +85°C and 
supply voltage of 4.5V to 5.5V. 


ARCHITECTURE 

The core of the PLHS501 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner, full connectivity 
of all logic functions is achieved in the 
PLHS501 . Any logic function can be created 
within the core of the device without wasting 
valuable I/O pins. Furthermore, a speed 
advantage is acquired by implementing 
multi-level logic within a fast internal core 
without incurring any delays from the I/O 
buffers. 


PML is a trademark of Philips Semiconductors 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable macro logic 
PML™ 


PLHS501/PLHS501I 


ORDERING INFORMATION 


DESCRIPTION 

OPERATING CONDITIONS 

ORDER CODE 

DRAWING NUMBER 

52-Pin Plastic Leaded Chip Carrier 

Commercial Temperature Range 
±5% Power Supply 

PLHS501A 

0397E 

52-Pin Plastic Leaded Chip Carrier 

Industrial Temperature Range 
±10% Power Supply 

PLHS501IA 

0397E 


DESIGN DEVELOPMENT TOOLS 
SNAP 

The SNAP Software Development System 

provides the necessary tools for designing 

with PML. SNAP provides the following: 

• Schematic entry netlist generation from 
third-party schematic design packages 
such as OrCAD/SDT III™ and 
FutureNet™. 

• Macro library for standard TTL functions 
and user defined functions 

• Boolean equation entry 

• State equation entry 

• Syntax and design entry checking 

• Simulator includes logic simulation, fault 
simulation and timing simulation. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. The minimum system 
configuration for SNAP is 640K bytes of RAM 
and a hard disk. 

SNAP provides primitive PML function 
libraries for third-party schematic design 
packages. Custom macro function libraries 
can be defined in schematic or equation form. 

After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available. 

The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 


the JEDEC fusemap is sent from the host 
computer to the device programmer. 


DESIGN SECURITY 

The PLHS501 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary designs 
implemented in the device cannot be copied 
or retrieved. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 


FutureNet is a trademark of FutureNet Corporation. 

OrCAD/SDT is a trademark of OrCAD, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PLHS501/PLHS501I 
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Product specification 


Programmable macro logic 
PML™ 


PLHS501/PLHS501I 


FUNCTIONAL DIAGRAM 
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Product specification 


PLHS501 /PLHS501 1 


Programmable macro logic 
PML™ 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable macro logic 
PML™ 


PLHS501 /PLHS501 1 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 


MAX 

v cc 

Supply voltage 


+7 

Vqc 

V|N 

Input voltage 


+5.5 

Vdc 

V OUT 

Output voltage 


+5.5 

Vdc 

l|N 

Input currents 

-30 

+30 

mA 

'out 

Output currents 


+100 

mA 

Tamb 

Operating temperature range 

0 

+75 

°C 

Tstg 

Storage temperature range 

-65 

+150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 

THERMAL RATINGS VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links open, such that: 

1 . All product terms are enabled. 

2. All bidirectional (B) pins are outputs. 

3. All outputs are enabled. 

4. All outputs are Active-High except 
Bq - B 3 (fusible I/O) and 0 4 - 0 7 which 
are Active-Low. 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 
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Philips Semiconductors Programmable Logic Devices 

Product specification 

Programmable macro logic 

PML™ 

PLHS501/PLHS501I 


DC ELECTRICAL CHARACTERISTICS 

Commercial 0°C < T amb < +75°C, 4.75V < V cc ^ 5.25V 
Industrial = -40°C < T amb < +85°C, 4.5V < Vcc ^ 5 ,5 V 


SYMBOL 

PARAMETER 

TEST CONDITION 

LIMITS 

UNIT 

MIN 

TYP 1 

MAX 

Input voltage 2 

V|L 

Low 

Vcc = MIN 



0.8 

V 

V|H 

High 

V CC = MAX 

2.0 



V 

Vic 

Clamp 2 ' 3 

V C c = MIN, Iin = -12mA 


-0.8 

-1.2 

V 

Output voltage 



Vcc = MIN 





Vol 

Low 2 ' 4 

Iol — 10mA 


■ 

0.45 

V 

Voh 

High 2 - 5 

Iqh = -2mA 

1 



V 

Input current 

■■1 


V cc = MAX 

i ■ 

■ ■ 



m - 

Low 

V| N = 0.45V 

■ 


-100 

pA 


High 

V| N = 5.5V 



40 

pA 

Output current | 



V CC = MAX 


■ 



b(OFF) 

Hi-Z state 9 

Vout = 5.5V 



80 

pA 



V 0 ut = 0.45V 


■ 

-140 


bs 

Short circuit 3 ' 5 - 6 

Vout = 0V 

-15 


-70 

mA 

be 

V C c supply current 8 

Vcc = max 


225 

295 

mA 

Capacitance j 



Vcc = 5V 




■n 

C|N 

Input 

V| N = 2.0V 


8 



c B 

I/O 

Vout = 2.0V 

inn 

15 


mm 


NOTES: 

1 . All typical values are at Vcc = 5 V T atT fc = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. For Pins 15 - 19, 21 - 27 and 37-40, Voi is measured with Pins 5 and 41 = 8,75V, Pin 43 = 0V and Pins 42 and 44 = 4.5V. 
For Pins 28 - 33 and 35 - 36, V 0L is measured under same conditions EXCEPT Pin 44 = 0V. 

5. Voh is measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = 0V. 

6. Duration of short circuit should not exceed 1 second. 

7. l C c is measured with all dedicated inputs at 0V and bidirectional and output pins open. 

8. Measured at V T = Vol + 0.5V. 

9. Leakage values are a combination of input and output leakage. 


TEST LOAD CIRCUITS 


VOLTAGE WAVEFORMS 
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Programmable macro logic 
PML™ 


PLHS501/PLHS501I 


SNAP RESOURCE SUMMARY DESIGNATIONS 
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Philips Semiconductors Programmable Logic Devices 


Product specification 


Programmable macro logic 
PML™ 


PLHS501/PLHS501I 


MACRO CELL SPECIFICATIONS^ (SNAP Resource Summary Designations in Parantheses) 
Comrnercial:T amb = 0°C to +75°C, 4.75V < Vcc ^ 5.25V, C L = 30pF, R 2 = 1000Q, Ri = 47012 
Industrial: T amb = -40°C to +85°C, 4.5V < V cc < 5.5V, C L = 30pF, R 2 = 10000, R, = 470Q 


Input Buffer 

(DIN501 [Non-inverting], NIN501 [Inverting]) 


SYMBOL 

| UMITS 

UNIT 

MIN 

TYP 

MAX 

Atm 

0.05 

0.1 

0.15 

ns/p- term 

At|.H 

-0.02 

-0.05 

-0.08 

ns/p-term 


SYMBOL 

] PARAMETER j 

LIMITS 

UNIT 

NOTES 

To 

(Output) 

From 

(Input) 

MIN 

TYP 

MAX 

tpHL 

l PLH 

X 

X 

1 

1 

4.5 

5 

5.5 

6 

6.5 

7.5 

ns 

ns 

With 0 p-terms load 

tpHL 

tpLH 

Y 

Y 

1 

1 

2.5 

4 

3 

4 

3.5 

4.5 

ns 

ns 

With 0 p-terms load 


Input Pins: 1 -7,9-14,41 -45, 48-52. 
Bidirectional Pins: 15 - 18, 37 - 40. 

Maximum internal fan-out: 16 p-terms on X or Y. 


NAND Output Buffer with 3-State Control 
(TOU501) 





PARAMETER 

LIMITS 


SYMBOL 

To 

(Output) 

From 

(Input) 

MIN 

TYP 

MAX 

UNIT 

IpHL 

Out 

In 

8.5 

14.0 

17.5 

ns 

tPLH 

Out 

In 

8.5 

14.0 

16 

ns 

t0E 2 

Out 

Tri-Ctrl 

8.5 

15 

18.5 

ns 

fOD 2 

Out 

Tri-Ctrl 

8.5 

12.5 

17.0 

ns 

Output Pins: 24 - 27. 



Internal Foldback NAND 
(FBNAND) 


SYMBOL 

[ LIMITS j 

UNIT 

MIN 

TYP 

MAX 

AtpHL 

0.05 

0.1 

0.15 

ns/p-term 

AtpLH 

-0.0 

-0.05 

-0.1 

ns/p-term 


SYMBOL 

1 PARAMETER | 

! LIMITS 

UNIT 

NOTES 

To 

(Output) 

From 

(Input) 

MIN 

TYP 

MAX 

^HL 

VlH 

Out 

Any 

4.0 

5.5 

4.5 

6.5 

6.8 

8 

ns 

ns 

With 0 p-terms load 


Maximum internal loading of 16 terms. 


Notes are on following page. 
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MACRO CELL SPECIFICATIONS 1 (Continued) (SNAP Resource Summary Designations in Parantheses) 
Commercial:T amb = 0°C to +75°C, 4.75V S Vcc ^ 5.25V, C L = 30pF, R 2 = 1000Q, R, = 4700 
Industrial: T amb = -40°C to +85°C, 4.5V 5 V CC ^ 5.5V, C L = 30pF, R 2 = 10000, Ri = 4700 


AND Output Buffer with 3-State Control 
(NOU501) 





| PARAMETER 

| UMITS 


SYMBOL 

To 

(Output) 

From 

(Input) 

MIN 

TYP 

MAX 

UNIT 

tpHL 

Output 

In 

8.0 

11 

13 

ns 

fpLH 

Output 

In 

8.0 

11 

13 

ns 

tOE 2 

Out 

Tri-Ctrl 

8.5 

15 

18.5 

ns 

tOD 2 

Out 

Tri-Ctrl 

8.5 

12.5 

17.0 

ns 



Bidirectional and Output Pins: 19, 21, 22, 23, 15 - 18. 

1 

NAND Output Buffer 
(OUT501 ) 

O 1£— - 1=1°“ 




PARAMETER 

| UMITS 


SYMBOL 

To 

(Output) 

From 

(Input) 

MIN 

TYP 

MAX 

UNIT 

tpHL 

Out 

In 

8.5 

14 

17.5 

ns 

Hh 

Out 

In 

8.5 

14 

16.0 

ns 



Bidirectional Pins: 37 - 40. 





PARAMETER 

| LIMITS 


SYMBOL 

To 

(Output) 

From 

(Input) 

MIN 

TYP 

MAX 

UNIT 

tpHL 

Out 

A or B 

8.5 

14 

17.5 

ns 

tpiH 

Out 

A or B 

8.5 

14 

16.0 

ns 

tOE 2 

Out 

Tri-Ctrl 

8.5 

15 

18.5 

ns 

too 2 

Out 

Tri-Ctrl 

8.5 

12.5 

17.0 

ns 


Ex-OR Output Pins: 28 - 33. 


NOTES: 

1 . Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 

2. For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of Vy = (Vqh - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vy = (Vql + 0.5V) level with Si closed. 
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PLHS501 GATE AND SPEED ESTIMATE TABLE 


FUNCTION 

INTERNAL NAND 
EQUVALENT 

TYPICAL t PD 

Imax 

COMMENTS 

Gates 

NANDs 

1 

6.5ns 


For 1 to 32 input variables 

ANDs 

1 

6.5ns 


For 1 to 32 input variables 

NORs 

1 

6.5ns 


For 1 to 32 input variables 

ORs 

1 

6.5ns 


For 1 to 32 input variables 

Decoders 

3-to-8 

8 

11ns 


Inverted inputs available 

4-to-16 

16 

11ns 


Inverted inputs available 

5-to-32 

32 

11ns 


Inverted inputs available (24 chip outputs only) 

Encoders 

8-to-3 

15 

11ns 


Inverted inputs, 2 logic levels 

1 6-to-4 

32 

11ns 


Inverted inputs, 2 logic levels 

32-to-5 

41 

11ns 


Inverted inputs, 2 logic levels, factored solution. 

Multiplexers 

4-to-1 

5 

11ns 


Inverted inputs available 

8-to-1 

9 

11ns 



16 to-1 

17 

11ns 



27-to-1 

28 

11ns 


Can address only 27 external inputs - more if internal 

Flip-Flops 

D-type Flip-Flop 

6 


30MHz 

With asynchronous S-R 

T-type Flip-Flop 

6 


30MHz 

With asynchronous S-R 

J-K-type Flip-Flop 

10 


30MHz 

With asynchronous S-R 

Adders 

8-bit 

45 

15.5ns 


Full carry-lookahead (four levels of logic) 

Barrel Shifters 

8-bit 

72 

11ns 


2 levels of logic 

Latches 

D- latch 

3 



2 levels of logic with one shared gate 
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FEATURES 

• Full connectivity 

• Erasable version and one time 
programmable version available 

• Scan test 

• Power down mode 

• Power on reset 

• 100% testable 

• SNAP development system 

- Supports third-party schematic entry 
formats 

- TTL Macro library 

- Versatile netlist format for design 
portability 

• Power dissipation (TTL) = 630mW 

• Power dissipation (CMOS) = 525mW 

• Power dissipation (Power-Down mode) = 
52mW 

• Security fuse for copy protection 

• Reprogrammable 

PROPAGATION DELAYS 

• Delay per internal NAND gate 
= 15ns (typ) 

• 50MHz flip-flop toggle rate 

APPLICATIONS 

• Low-end gate array replacement 

• Instrumentation 

• Bus arbitration functions 

• Wide multiplexers and decoders 

• Multiple independent state machines 

• General purpose logic integration and 
microprocessor support logic 

• PAL® and glue logic replacement 


DESCRIPTION 

The Philips Semiconductors PML family of 
PLDs provides “instant gate array” 
capabilities for general purpose logic 
integration applications. The PML2552 is the 
first high density CMOS-PML product. 
Fabricated with the Philips Semiconductors 
high-performance EPROM process, it is an 
ideal way to reduce NRE costs, inventory 
problems and quality concerns. The 
PML2552 incorporates the PML folded NAND 
array architecture which provides 1 00% 
connectivity to eliminate routing restrictions. 
What distinguishes the PML2552 from the 
“classic" PLD architectures is its flexibility and 
the potent flip-flop building blocks. The device 
utilizes a folded NAND architecture, which 
enables the designer to implement multiple 
levels of logic on a single chip. The PML2552 


eliminates the NRE costs, risks, and hard to 
use design tools associated with semicustom 
and full custom approaches. It allows the 
system designer to manage reliable 
functionality, in less time and space plus a 
faster time to market. The PML2552 is ideal 
in todays instrumentation, industrial control, 
EISA, NuBus™, bus interface and dense 
state machine applications in conjunction with 
the state-of-the-art CMOS processors. It is 
capable of replacing large amounts of TTL, 
SSI and MSI logic and literally allows the 
designer to build a system on the chip. 

The SNAP development software gives easy 
access to the density and flexibility of the 
PML2552 through a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination. 


PIN CONFIGURATION 



1/014 

1/015 


VCC2 

BO 


pi] B3 


ORDERING INFORMATION 


DESCRIPTION 

tpo (MAX) 

ORDER CODE 

DRAWING NUMBER 

68-pin Plastic Leaded Chip Carrier 

35ns 

PML2552-35A 

0398E 

68-pin “J” Leaded Ceramic Cerquad Package 

35ns 

PML2552-35KA 

1473A 

68-pin Plastic Leaded Chip Carrier 

50ns 

PML2552-50A 

0398 E 

68-pin “J" Leaded Ceramic Cerquad Package 

50ns 

PML2552-50KA 

1473A 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
NuBus is a trademark of Texas Instruments, Inc. 
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STRUCTURE 

• 112 possible foldback NAND gates: 

- 96 internal NAND 

- 16 from the I/O macros 

• 114 additional logic terms 

• 53 possible inputs (with programmable 
polarity) 

- 29 dedicated inputs 

- 24 bidirectional I/Os 

• 24 bidirectional pins 

• 52 flip-flops 

• 24 possible outputs with individual Output 
Enable control (8 with programmable 
polarity) 

• Multiple independent clocks 

• 20 Buried JK-type flip-flops with foldback 
(JKFFs): 

- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 

- 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 1 0 independent clear signals 

• 258 inputs per NAND gate 

• Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 

- 16 DFFs/combinatoria! inputs 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

• Inputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 

- 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

- The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 

• Combinatorial inputs: 

- 9 dedicated inputs to the NAND array 

- 3 inputs optional to NAND array and/or 
clock array 

- 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 


• Separate clock array: 

- Separate clock array for JKFFs clock 
inputs 

- 4 inputs to clock array originated from 
NAND array 

- 4 inputs (with programmable polarity) 
directly from input pins 

- 10 inputs from Q outputs of JKFFs with 
clear 

• Dedicated clocks: 

- One dedicated clock for input DFFs 
(Group A) 

- Two dedicated clocks for output DFFs 

• Scan test feature: 

- Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 

- Pins SCI, SCM, and CKE1 are used to 
operate the scan test 

• Power down mode 

- Dedicated pin (PD) freezes the circuit 
when brought to logic “1”. The circuit 
remains in the same state prior to the 
logic “0” to logic “1 " transition of the “PD" 
pin. 

- When in the power down mode, the SCI 
pin acts as the 3-State pin for the 24 
outputs. 

• Power on reset: 

- All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 1 6 output DFFs) are reset to 
logic “0“ after V C c power on. 


ARCHITECTURE 

The core of the PML2552 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The 'Q' and ‘O’ output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2552. Any logic function 
can be created within the core without 
wasting valuable I/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. Figure 1 shows the 
functional block diagram of the PML2552. 

Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
bank of flip-flops has a common clock. In the 


unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFA X ) must be 
programmed. 

The 16 I/O pins (IO 0 - 10 15 ) and their 
respective D flip-flop macros can be used in 
any one of the following configurations: 

1 . As combinatorial input(s). 

Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs. 

These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFB X (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs. 

By programming the bypass (BFB X ) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The I/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates. 

When the I/O pin is used as an input, the 
output macro can be used as an internal 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as an internal DFF. 

The 8 bidirectional pins (B0-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 

The NAND signal labeled ‘£3D’ (Output 
Disable) shown on the PML2552 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 

Clock Array 

The 20 buried JKFFs can be clocked through 
the ‘Clock Array’. The Clock Array consists of 
11 NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 1 8 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2552 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external I/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1 ", the circuit enters the scan mode. 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D1S are observable 
on pins 1/00-1/015. 

The following are features and characteristics 
of the device when in Scan Mode: 

1 . CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 

2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 

3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 


bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 

4. To observe the SCAN data, the output 
buffers must be enabled by the Output 
Enable (tri-ctri) terms. 

5. The outputs of the flip-flops are 
complemented on pins 1/00 - 1/015. 

6. All external inputs to flip-flops in the scan 
chain are disabled when the device enters 
the scan mode. 

7. Blowing the security fuse does not disable 
the Scan Test feature. 


SCAN MODE OPERATION 


SCOUT 

1/015 1/00 1/014 1/01 1/013 1/02 1/012 1/03 1/011 1/04 1/010 1/05 1/09 1/06 1/06 1/07 



(COMMON CLOCK (CKE1) FOR ALL FUR-FLOPS WHEN IN SCAN MODE) 

Figure 2. 
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SCAN TEST STRATEGY 

The scan test pattern is design dependent 
and the user must make considerations for 
Design For Testability (DFT) during the initial 
stages of the design. A typical test sequence 
is to pre-load (i.e., enter a state); revert to 
normal operation (i.e., activate the next state 
transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2552 is a variable length 
scan chain. The DATA entered at SCI 
(JKCL9) can be accessed anywhere between 
21 clock cycles (at 1/00) to 36 clock cycles 
(at 1/015). For the strategy discussed here, 
DATA is read out after 36 clocks at 1/015 
(i.e., D15). The following operation sequence 
suggests a possible scan test method. 

A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Scan Chain holds and maintains correct data: 

a. Fill chain with several patterns (for 
example, all ones and all zeros). 

b. Retrieve same patterns. 

The user is responsible for managing an 
external test memory buffer for applied 
vectors and results, as part of the test 
equipment. 

1 . Parallel readout of 1/00 - 1/01 5 is 
possible, but assume only 1/015 is used 
for this strategy. 

2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 1/015 (i.e., SCOUT). The last DATA 
entering the scan chain will be the content 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (1/00 - 1/015). 

3. 'Test Data' is read in at the SCI input and 
read out of the SCOUT output pin (1/01 5). 
To enter ‘Test Data': 

a. Put device in Scan Mode by applying 
the scan control signals (SCM=1). 

b. Clock device with scan clock (CKE1). 

c. Apply consecutive serial test vectors. 

d. Read back results as new ‘Test Data’ 
(States) are applied. The first 36 
outputs read at SCOUT (1/015) are 
random ('old') data (e.g., remnant of 
Step 1). 

e. Apply 36 ‘Test Data’ until the chain is 
full. 

4. To apply ‘Test Data' (States), exit Scan 
Mode and apply on system clock together 
with any other possible test vectors. 


5. To read result of the state transition, 
re-enter scan and apply the scan clock 
(CKE1). The result of the state transition 
in JKCL9 will be available at SCOUT 
(1/015) after 36 clocks. The results can be 
stored in a user defined test memory 
buffer in inverted logic representation. 


6. As the results are being read and stored, 
new ‘Test Data' can be entered via SCI. 

7. Repeat for all test patterns of interest. 

8. Figure 3 (FLOW_CHART) depicts a flow 
chart version of the test sequence. 
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A Simple Example 

Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 
we wish to first check the State 5 (i.e,, 1 01 ) to 
State 6 (i.e., 110) transition, then the State 3 
(i.e., 011) to State 4 (i.e., 100) transition. 
Assume the scan chain has been pre-verified 
and we may begin. 

Enter scan mode (set SCM=1 )l apply 36 bits 
in sequence so that the value 101 (i.e., State 

5) resides in the last three cells. Exit scan 
mode (set SCM=0) and apply a single clock 
to the counter. Now the value 110( i.e., State 

6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 
bits from position 1/015. Note that the outputs 
are complemented and are also read back in 
the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 
the complement of STATE 6 (MO) read in the 
reverse order. 

As this is being read back, apply a new state, 
serially equal to the value Oil (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at 1/015. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 ( i.e., Oil) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at 1/015. The last three bits 
should contain 110 which is the complement 
of State 4 read in the reverse order. Figure 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the 
reverse at 1/015. Other sequences may be 
applied in the same manner. 

A possible alternative to this example is to 
read back the output states at 1/00 (DO) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 
example. 



Figure 4. SCAN_EXAM PLE 
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POWER DOWN 

The PML2552 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1”, the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic “1”. 

There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 

NOTE: 

1 . During power down, external clocks (CKA, 
CKB/CKC, CKE1 , CKE2) should not 
change. 

2. SCM must be “0" as in normal operation 
mode. 

3. External clock recovery time (low-to-high) 
is 60ns (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 

1 7 and 1 8 are for combinatorial operation 
only. 


DEVELOPMENT TOOLS 

The PM2552 is supported by the Philips 
Semiconductors SNAP software development 
package and a multitude of hardware and 
software development tools. These include 
industry standard PLD programmers and 
CAD software. 

SNAP 

Features 

• Schematic entry using DASH™ 4.0 or 
above orOrCAD™ SDT Ilf 

• State Equation Entry 

• Boolean Equation Entry 

• Allows design entry in any combination of 
above formats 

• Simulator 

- Logic and fault simulation 

- Timing model generation for device 
timing simulation 

- Synthetic logic analyzer format 

• Macro library for standard TTL and user 
defined functions 

• Device independent netlist generation 

• JEDEC fuse map generated from netlist 

SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Vcc 

Supply voltage 

+7 

Vdc 

V| N 

Input voltage 

+5.5 

Vdc 

V OUT 

Output voltage 

+5.5 

Vdc 

l|N 

Input currents 

-30 to +30 

mA 

l0UT 

Output currents 

+100 

mA 

Tamb 

Operating temperature range 

0 to +75 

°C 

T s tg 

Storage temperature range 

-65 to +150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 

The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 

SNAP’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 

SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2. 1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


DESIGN SECURITY 

The PML2552 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 


THERMAL RATINGS 


TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


DASH is a trademark of Data I/O Corporation. 

OrCAD is a trademark of OrCAD, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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DC ELECTRICAL CHARACTERISTICS 

0°c < T amb < +75°C, 4.75V ^ Vcc < 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


TYP 1 

MAX 

Input voltage 

V|L 

Low 

Vcc = MIN 

-0.3 


0.8 

V 

V,H 

High 

V cc = MAX 

2.0 


Vcc + 0.3 

V 

Output voltage 

VOL 

Low 

Vcc = MIN, I ol 

= 5mA 



0.45 

V 

VOH 

High 

Vcc = MIN, I oh 

= -2mA 

2.4 



V 

| Input current 

mm 

Low 

V IN = GND 



-10 

pA 

■9 - 

High 

V|N = Vcc 



10 

pA 

Output current 

!o(OFF) 

Hi-Z state 

VoUT = Vcc 



10 

pA 



V out =GND 



-10 

pA 

IoH 

Output High 

V cc = MIN, Vout = 2.4V 



-2 

mA 

loL 

Output Low 

Vcc = MIN, Vout = 0.45V 



5 

mA 

tas 

Short-circuit 5 

V OUT = GND 



-100 

mA 

mm 

v cc supply current 

V cc = MAX, No load 

CMOS input 2 


60 

100 6 

mA 

1 


f = 1MHz 

TTL input 3 


65 

1 20 s 

mA 

M 

Standby V cc supply current 

V C c = MAX, No load 

CMOS input 


1.0 

10 

mA 

mm 


X 

> 

II 

Q 

Q_ 

TTL input 


1.5 

10 

mA 

Capacitance | 

C|N 

Input 

Vcc = 5V, T amb = +25°C, Vin = 2.0V 


8 


1— 

Cb 

I/O 

Vcc = 5V. T amb = +25°C, V| 0 = 2.0V 


16 


— 


NOTES: 

1 . All typical values are at V cc = 5V, T arrt) = +25°C. 

2. CMOS inputs: V n_ = GND, V|^ = Vcc- 

3. TTL inputs: V, L = 0.45V, V IH = 2.4V. 

4. All voltage values are with respect to network ground terminal. 

5. Duration of short-circuit should not exceed one second. Test one at a time. 

6. Alec vs. Frequency = 4mA/MHz max. 


TEST LOAD CIRCUITS 


VOLTAGE WAVEFORMS 
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MACRO CELL AC SPECIFICATIONS 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Input Buffer 

(DIN552, NIN552, BDIN55, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 




* When D flip-flop is bypassed. 

Input Pins: 8-14, 16, 17, 20, 22-24. 

Bidirectional Pins: 1-3, 5-7, 46-48, 50-54, 57-64, 67, 68. 
Bypassed D flip-flop at pins 26, 28-31 , 33-35, 37, 39-45. 


Internal NAND of Main Array 
(FBNAND, NAND) 



Internal NAND of Clock Array 
(NAND) 
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MACRO CELL AC SPECIFICATIONS (Continued) 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


3-State Output with Programmable Polarity 
(TOUT552 + EXOR552) 



Programmable . 
Connection 


0 20 40 60 80 100 120140160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 

Atp D vs Output Capacitance 
Loading (Typical) 



j PARAMETER 

SYMBOL 

To 

From 


(Output) 

(Input) 

tpHL 

Out 

In 

tpLH 

Out 

In 

tOE 4 

Out 

Tri-Ctrl 

k)D 4 

Out 

Tri-Ctrl 


PML2552-35 


TYP 


PML2552-50 


MIN TYP 


25 35 
25 35 



Bidirectional Pins: 46-48, 50-54. 



I/O Pins: 1-3, 5-7, 57-64, 67, 68. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

D FLIP-FLOP 


Output DFF Used Internally 

(ODFF5S2) 


■B 

91 

m ' 

S 

■ 

| || 


BFB X 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

PML2552-35 

PML2552-50 


TYP 



TYP 


f CKE 

Flip-flop toggle rate 



50 



35 

MHz 

1 wcke High 

Clock HIGH 

10 



14 



ns 

IwckeLow 

Clock LOW 

10 



14 



ns 

l SETUP 

/D setup time to CKE 

15 



20 



ns 

tHOLD /D 

/D hold time to CKE 

4 



6 



ns 



PARAMETER 

LIMITS 


SYMBOL 

From 

To 

PML2552-35 

PML2552-50 

UNIT 


(Input) 

(Output) 

MIN 



MIN 

TYP 



tpLH 

CKE T 

Q 

10 

■a 


14 

o 

25 

ns 

tpHL 

CKE t 

Q 

10 

H 

H 

14 

o 

25 

ns 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

D FLIP-FLOP (Continued) 


Input and Output 
(IDFF552 & ODFF552) 



l/D A, l/DB 
CKA, CKB, CKC 



7 

7 


y 

4 

? 3 
Q 

y 

/ 

/ 

< i 

y 

0 

-1 

-2 

y 

y 



0 20 40 60 80 100 120140 160180200 


OUTPUT CAPACITANCE LOADING (pF) 


^tpo vs Output Capacitance 


Loading (Typical) 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

JK FLIP-FLOPS 
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AC ELECTRICAL CHARACTERISTICS 

0°C < Tan* £ +75°C, 4.75V < Vcc < 5.25V, V PP = V cc , 

Ri = 750ft, R 2 = 442ft, C(_ = 5pF for Output Disable) (See Test Load Circuit Diagram) 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

PML2552-35 

PML2552-50 

MIN 

MAX 

MIN 

MAX 

Scan mode operation 1 

*SCMS 

Scan Mode (SCM) Setup time 

15 


15 


ns 

tsCMH 

Scan Mode (SCM) Hold time 

25 


30 


ns 

t|S 

Data Input (SCI) Setup time 

5 


5 


ns 

t|H 

Data Input (SCI) Hold time 

5 


5 


ns 

tCKO 

Clock to Output (I/O) delay 


30 


40 

ns 

tCKH 

Clock High 

10 


15 


ns 

tCKL 

Clock Low 

10 


15 


ns 

Power down, power up 2 

ti 

Input (1, bypassed l/DA, l/DB, I/O, B) setup time before power down 

40 


50 


ns 

*2 

Input hold time 

30 


35 


ns 

t3 

Power Up recovery time 


60 


70 

ns 

4 

Output hold time 

0 


0 


ns 

*5 

Input setup time before Power Up 

20 


25 


ns 

tOE 

SCI to Output Enable time 3 


40 


50 

ns 

too 

SCI to Output Disable time 3 


40 


50 

ns 

*6 

Power Down setup time 

10 


15 


ns 

t? 

Power Up to Output valid 


70 


80 

ns 

Power-on reset 

IPPRI 

Power-on reset output register (Q = 0) to output (I/O) delay 


10 


15 

ns 

tppR2 

Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
to output (B, bypassed I/O) delay 


40 


50 

ns 


NOTES: 

1 . SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 

2. Timings are measured without foldbacks. 

3. Transition is measured at steady state High level (-500mV) or steady state Low level (+500mV) on the output from 1 ,5V level on the input 
with specified test load (Ri = 750ft, R 2 = 442ft, C L = 5pF). This parameter is sampled and not 100% tested. 

4. For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0H - 0.5V) with Si open, and Low-to-High impedance tests are made to the Vj = (V OL + 0.5V) level with Si closed. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PML2552 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 
wavelengths in the 3000 - 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2552 in approximately three years, while 
it would take approximately one week to 
cause erasure when exposed to direct 
sunlight. If the PML2552 is to be exposed to 


these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 
PML2552 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm 2 . The erasure 
time with this dosage is approximately 30 to 
35 minutes using an ultraviolet lamp with a 
1 2,000pW/cm 2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 


exposed to without damage is 7258Wsec/cm 2 
(1 week@ 12,000pW/cm 2 ). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 

The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING/SOFTWARE 

SUPPORT 

Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this data handbook for 
additional information. 
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FEATURES 

• Wide gates for efficient product term use 

• Multiple I/O pins for 16-32 bit buses or up 
to 32-bit data flow 

• Multiple I/O pins for multiple-port data 
handling 

• Multiple clocks for independent state 
machines and storage banks 

• 100% connectible, no place and route 
restrictions 

• Erasable and one time programmable 
versions available 

• Scan test 

• Low CMOS power dissipation = 

525mW max. 

• Power down mode (52mW max.) 

• Power on reset 

• Security fuse for copy protection 

• Supported by advanced SNAP and SLICE 
development systems 

PERFORMANCE 

• 35ns max. pin-to-pin for 32-bit decoders 

• 40ns max. internal, 55ns max. pin-to-pin for 
16-bit multiplexers 

• 33MHz max. throughput for 16-bit latches 

• 18-50MHzmax. for 10-bit counters 

• 31 MHz max. for 10-bit shift registers 

• 15ns (typ.) delay for internal NANDs 

• 50MHz max. flip-flop toggle rate 

APPLICATIONS 

• Bus interface and control (microchannel, 
VME, NuBus, etc.) 

• Microcomputer peripheral interface and 
control (printers, SCSI, hard disk drives, 
etc.) 

ORDERING INFORMATION 


• Multiport memory control and arbitration 
(cache, DRAM, VRAM, etc.) 

• Intelligent instrumentation (data acquisition, 
testers, medical equipment, etc.) 

• Industrial control (process control, motor 
control, engine control, etc.) 

• Communication network control (LAN, 
Ethernet, T1, TDMA, etc.) 

• General purpose logic integration 

• Laptops, pocket computers, and handheld 
instruments 

• Low-end gate array replacement for quick 
prototyping 

SNAP DEVELOPMENT SYSTEM 

• Supports third-party schematic entry 
formats 

• Versatile EDIF-compatible netlist format for 
design portability 

• TTL macro library for automatic mapping 

• Logic, timing, and fault simulation 

• Automatic test vector generator 

• Espresso logic minimizer 

• Boolean equation extractor from JEDEC 
fusemap 

DESCRIPTION 

The Philips Semiconductors family of 
Programmable Macro Logic is optimized for 
handling wide buses, wide datapaths, and 
multiple-port applications with the highest 
throughputs among high density PLDs and 
FPGAs. The PML2852 now expands Philips 
Semiconductors CMOS PML product offering 
into the 32-bit arena. Fabricated with a 
high-performance EPROM process, the 
PML2852 is ideal in today’s bus interface 
control, microprocessor peripheral control, 
memory interface, communications, 
instrumentation, and industrial control. It is 
capable of replacing large amounts of TTL 


SSI and MSI logic, and literally integrates a 
complete custom microcontroller. 

The PML2852 incorporates the folded NAND 
array architecture, which provides 100% 
connectivity to eliminate the routing 
restrictions associated with other high density 
PLD/FPGA architectures. The array of 
wide-input NAND gates enables the designer 
to implement any wide-gate logic function, 
from decoders to multiplexers, with no more 
than two gate-level delays. It also allows 
implementation of multiple levels of logic 
within the chip, without wasting I/O pins. Its 
flexible and potent flip-flop building blocks 
provide for high throughput data storage, high 
speed state machines, and fast counters. 

The PML2852 also incorporates two unique 
features: scan test and power down. With 
user-controlled scan test, the PML2852 
significantly reduces system functional test 
time by providing access to all of its internal 
registers. In the user-controlled powerdown 
mode, the PML2852 power dissipation is 
reduced to a mere 52mW, making it ideal for 
laptop or pocket computers and handheld 
instruments. 

Thanks to its high density and its flexible 
architecture, the PML2852 provides instant 
gate array capabilities for all general purpose 
logic integration. As such, the PML2852 
eliminates the NRE costs, risks, inventory 
problems, and hard to use design tools 
associated with semicustom and full custom 
approaches. It allows the designer to quickly 
bring concepts to silicon for faster learning 
cycles and a much shorter time to market. 
Functional prototypes are available within 
minutes. 

The SNAP development software is designed 
to fully exploit the flexibility and density of the 
PML2852. It accepts a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination for 
maximum flexibility. Its powerful features, but 
ease of use, allows literally push-button 
operation. 

Together, the PML2852 and SNAP constitute 
the designer’s personal desktop silicon 
foundry. 


DESCRIPTION 

t PD (MAX) 

ORDER CODE 

DRAWING NUMBER 

84-pin Plastic Leaded Chip Carrier 

35ns 

PML2852-35A 

0399F 

84-pin “J” Leaded Ceramic Cerquad Package 

35ns 

PML2852-35KA 

1551 

84-pin Plastic Leaded Chip Carrier 

50ns 

PML2852-50A 

0399F 

84-pin “J” Leaded Ceramic Cerquad Package 

50ns 

PML2852-50KA 

1551 


NuBus Is a trademark of Texas Instruments, Inc. 
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PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 





A and KA Packages 



N 






m 

/ 


• 


3 


n 





El 






TEl 


Pin 

Function 

Pin 

Function 

Pin 

Function 

1 

1/05 


is 

PO 

57 

08 

2 

1/04 


ip 

I/DB7 

58 

B7 

3 

1/03 


31 

I/DB6 

59 

B6 

4 

VCC1 

32 

I/DB5 

60 

B5 

5 

1/02 


33 

VCC5 

61 

VSS3 

6 

1/01 


34 

I/DB4 

62 

B4 

7 

1/00 


35 

I/DB3 

63 

83 

8 

03 


36 

I/DB2 

64 

B2 

9 

02 


37 

I/DB1 

65 

B1 

10 

01 


38 

l/DBO 

66 

BO 

11 

00 


39 

I/DA7 

67 

VCC4 

12 

18 


40 

VSS2 

68 

CKE2 

13 

17 


41 

I/DA6 

69 

1/015 

14 

16 


42 

I/DA5 

70 

1/014 

15 

15 


43 

I/DA4 

71 

07 

16 

14 


44 

CKA 

72 

06 

17 

13 


45 

I/DA3 

73 

05 

18 

12 


46 

VCC3 

74 

04 

19 

VSS1 

47 

I/DA2 

75 

1/013 

20 

11 


48 

l/DAI 

76 

1/012 

21 

10 


49 

l/DAO 

77 

1/011 

22 

SCM 

50 

015 

78 

1/010 

23 

SCI 


51 

014 

79 

1/09 

24 

I/CKD3 

52 

013 

80 

1/08 

25 

VCC2 

53 

012 

81 

CKE1 

26 

I/CKD2 

54 

Oil 

82 

VSS4 

27 

I/CKD1 

55 

OIO 

83 

1/07 

28 

l/CKB/CKC 

56 

09 

84 

1/06 



Figure 1. 


October 22, 1993 


487 
















Philips Semiconductors Programmable Logic Devices Product specification 


CMOS high density programmable macro logic PML2852 



October 22, 1993 


488 


















Philips Semiconductors Programmable Logic Devices 


Product specification 


CMOS high density programmable macro logic 


PML2852 


STRUCTURE 

• 112 possible foldback NAND gates: 

- 96 internal NAND 

- 16 from the I/O macros 

• 114 additional logic terms 

• 53 possible inputs (with programmable 
polarity) 

- 29 dedicated inputs 

- 24 bidirectional I/Os 

• 24 bidirectional pins 

• 16 dedicated output pins 

• 52 flip-flops 

• 40 possible outputs with Output Enable 
control (8 with programmable polarity) 

• Multiple independent clocks 

• 20 Buried JK-type flip-flops with foldback 
(JKFFs): 

- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 

- 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 1 0 independent clear signals 

• 258 inputs per NAND gate 

• Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 

- 16 DFFs/combinatorial inputs 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

• Inputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 

- 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

- The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 

• Combinatorial inputs: 

- 9 dedicated inputs to the NAND array 

- 3 inputs optional to NAND array and/or 
clock array 

- 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 


• Separate clock array: 

- Separate clock array for JKFFs clock 
inputs 

- 4 inputs to clock array originated from 
NAND array 

- 4 inputs (with programmable polarity) 
directly from input pins 

- 10 inputs from Q outputs of JKFFs with 
clear 

• Dedicated clocks: 

- One dedicated clock for input DFFs 
(Group A) 

- Two dedicated clocks for output DFFs 
(Group E) 

• Scan test feature: 

- Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 

- Pins SCI, SCM, and CKE1 are used to 
operate the scan test 

• Powerdown mode 

- Dedicated pin (PD) freezes the circuit 
when brought to logic “1”. The circuit 
remains in the same state prior to the 
logic “0" to logic “1" transition of the “PD” 
pin. 

- When in the power down mode, the SCI 
pin acts as the 3-State pin for the 40 
outputs. 

• Power on reset: 

- All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic “0" after V cc power on. 


ARCHITECTURE 

The core of the PML2852 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The 'Q' and '0‘ output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2852. Any logic function 
can be created within the core without 
wasting valuable I/O pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the I/O buffers. Figure 1 shows the 
functional block diagram of the PML2852. 

Macro Cells 

There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 


bank of flip-flops has a common clock. In the 
unprogrammed state of the device the flip- 
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 

The 16 I/O pins (IO 0 - lO^) and their 
respective D flip-flop macros can be used in 
any one of the following configurations: 

1 . As combinatorial input(s): 

Each of the 1 6 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs: 

These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBx (see PML2552 Logic 
Diagram) is used to bypass any one of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs: 

By programming the bypass (BFBx) fuse 
of any one of the DFFs, the flip-flop(s) is 
bypassed. The I/O pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates: 

When the I/O pin is used as an input, the 
output macro can be used as a buried 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as a buried DFF. 

The 8 bidirectional pins (B0-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 

The NAND signal labeled 'OH’ (Output 
Disable) shown on the PML2852 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 

Clock Array 

The 20 buried JKFFs are clocked through the 
‘Clock Array'. The Clock Array consists of 1 1 
NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the Q outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip 
to the number of I/O pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2852 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external I/O pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic “1 ”, the circuit enters the scan mode. 


In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D1 5 are observable 
on pins 1/00 - 1/015. 

The following are features and characteristics 
of the device when in Scan Mode: 

1 . CKE1 is the common scan-clock for all 
the flip-flops when in scan mode. CKE1 
overrides all clock resources of normal 
operational mode. 

2. The Preset (PR) and Clear (CL) functions 
of the flip-flops are disabled. 

3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 


bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 

4. To observe the SCAN data, the output 
buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 

5. The outputs of the flip-flops are 
complemented on pins 1/00 - 1/015. 

6. All external inputs to flip-flops in the scan 
chain are disabled when the device enters 
the scan mode. 

7. Blowing the security fuse does not disable 
the Scan Test feature. 


SCAN MODE OPERATION 


SCOUT 


1/015 1/00 1/014 1/01 1/013 1/02 1/012 1/03 l/Oll 1/04 1/010 1/05 1/09 1/06 1/08 1/07 



(COMMON CLOCK (CKEl) FOR ALL FUR-FLOPS WHEN IN SCAN MODE) 

Figure 2. 
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SCAN TEST STRATEGY 

The scan test pattern is design dependent 
and the user must make considerations for 
Design For Testability (DFT) during the initial 
stages of the design. A typical test sequence 
is to pre-load (i.e., enter a state); revert to 
normal operation (i.e., activate the next state 
transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2852 is a variable length 
scan chain. The DATA entered at SCI 
(JKCL9) can be accessed anywhere between 
21 clock cycles (at 1/00) to 36 clock cycles 
(at 1/015). For the strategy discussed here, 
DATA is read out after 36 clocks at 1/015 
(i.e., D15). The following operation sequence 
suggests a possible scan test method. 

A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Scan Chain holds and maintains correct data; 

a. Fill chain with several patterns (for 
example, all ones and all zeros). 

b. Retrieve same patterns. 

The user is responsible for managing an 
external test memory buffer for applied 
vectors and results, as part of the test 
equipment. 

1 . Parallel readout of 1/00 - 1/01 5 is 
possible, but assume only 1/015 is used 
for this strategy. 

2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 1/015 (i.e., SCOUT). The last DATA 
entering the scan chain will be the content 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (1/00 - 1/015). 

3 . ‘Test Data' is read in at the SCI input and 
read out of the SCOUT output pin (1/015). 
To enter Test Data': 

a. Put device in Scan Mode by applying 
the scan control signals (SCM=1). 

b. Clock device with scan clock (CKE1). 

c. Apply consecutive serial test vectors. 

d. Read back results as new 'Test Data' 
(States) are applied. The first 36 
outputs read at SCOUT (1/015) are 
random ('old') data (e.g., remnant of 
Step 1 ). 

e. Apply 36 ‘Test Data' until the chain is 
full. 

4. To apply 'Test Data' (States), exit Scan 
Mode and apply on system clock together 
with any other possible test vectors. 


5. To read result of the state transition, 
re-enter scan and apply the scan clock 
(CKE1). The result of the state transition 
in JKCL9 will be available at SCOUT 
(1/015) after 36 clocks. The results can be 
stored in a user defined test memory 
buffer in inverted logic representation. 


6. As the results are being read and stored, 
new 'Test Data' can be entered via SCI. 

7. Repeat for all test patterns of interest. 

8. Figure 3 (FLOW_CHART) depicts a flow 
chart version of the test sequence. 
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A Simple Example 

Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 
we wish to first check the State 5 (i.e., 101 ) to 
State 6 (i.e., 110) transition, then the State 3 
(i.e., 011) to State 4 (i.e., 100) transition. 
Assume the scan chain has been pre-verified 
and we may begin. 

Enter scan mode (set SCM=1)I apply 36 bits 
in sequence so that the value 101 (i.e., State 

5) resides in the last three cells. Exit scan 
mode (set SCM=0) and apply a single clock 
to the counter. Now the value 110 ( i.e., State 

6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 
bits from position 1/015. Note that the outputs 
are complemented and are also read back in 
the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 
the complement of STATE 6(110) read in the 
reverse order. 

As this is being read back, apply a new state, 
serially equal to the value Oil (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at 1/015. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 01 1 ) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at 1/01 5. The last three bits 
should contain 110 which is the complement 
of State 4 read in the reverse order. 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the 
reverse at 1/015. Other sequences may be 
applied in the same manner. 

A possible alternative to this example is to 
read back the output states at 1/00 (DO) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 
example. 



Figure 4. SCAN_EXAMPLE 
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POWER DOWN 

The PML2852 offers the user controlled 
capability of putting the device to “sleep” 
where power dissipation is reduced to very 
low levels. When brought to a logic “1 ", the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic “1”. 

There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power- 
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 

NOTE: 

1 . During power down, external clocks (CKA, 
CKB/CKC, CKE1, CKE2) should not 
change. 

2. SCM must be “0” as in normal operation 
mode. 

3. External clock recovery time (low-to-high) 
is 60ns (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
502 and 503 are for combinatorial 
operation only. 


DEVELOPMENT TOOLS 

The PM2852 is supported by the Philips 
Semiconductors SNAP software development 
package and a multitude of hardware and 
software development tools. These include 
industry standard PLD programmers and 
CAD software. 

SNAP 

Features 

• Schematic entry using DASH™ 4.0 or 
above orOrCAD™ SDTIII 

• State Equation Entry 

• Boolean Equation Entry 

• Allows design entry in any combination of 
above formats 

• Simulator 

- Logic and fault simulation 

- Timing model generation for device 
timing simulation 

- Synthetic logic analyzer format 

• Macro library for standard TTL and user 
defined functions 

• Device independent netlist generation 

• JEDEC fuse map generated from netlist 

SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 


ABSOLUTE MAXIMUM RATINGS 1 


SYMBOL 

PARAMETER 

RATINGS 

UNIT 

Vcc 

Supply voltage 

+7 

Vdc 

V|N 

Input voltage 

+5.5 

Vex: 

V OUT 

Output voltage 

+5.5 

V DC 

•in 

Input currents 

-30 to +30 

mA 

•out 

Output currents 

+100 

mA 

"J"amb 

Operating temperature range 

0 to +75 

°C 

Tstg 

Storage temperature range 

-65 to +150 

°C 


NOTE: 


1 . Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 

The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high- 
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 

SNAP’s simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 

SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 
2. 1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 


DESIGN SECURITY 

The PML2852 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 


THERMAL RATINGS 


| TEMPERATURE 

Maximum junction 

150°C 

Maximum ambient 

75°C 

Allowable thermal rise 
ambient to junction 

75°C 


DASH is a trademark of Data I/O Corporation. 

OrCAD is a trademark of OrCAD, Inc. 

ISM is a registered trademark of International Business Machines Corporation. 
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DC ELECTRICAL CHARACTERISTICS 

0°C < T amb < +75°C, 4.75V <V CC 5 5.25V 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

■Di 

TYP 1 

MAX 

Input voltage 

VlL 

Low 

V cc = MIN 

-0.3 


0.8 

V 

VlH 

High 

V cc = MAX 

2.0 


V CC + 0.3 

V 

Output voltage 

V OL 

Low 

Vcc = MIN, Iol 

= 5mA 



0.45 

V 

V OH 

High 

Vcc = MIN, Iqh 

= -2mA 

2.4 



V 

Input current 

IlL 

Low 

V| N = GND 



-10 

pA 

l|H 

High 

< 

Z 

II 

< 

O 

O 



10 

pA 

Output current 

•O(OFF) 

Hi-Z state 

VoUT = Vcc 



10 

pA 



V 0U t = GND 



-10 

pA 

!oh 

Output High 

V CC = MIN, V out = 2.4V 



-2 

mA 

l0L 

Output Low 

V CC = MIN, V out = 0.45V 



5 

mA 

'os 

Short-circuit 5 

Vqut = GND 



-100 

mA 

mm 

V C c supply current 

V cc = MAX, No load 

CMOS input 2 


60 

100® 

mA 

1 


f = 1MHz 

TTL input 3 


65 

120 6 

mA 


Standby V C c supply current 

Vcc = MAX, No load 

CMOS input 


1.0 

10 

mA 

■I 


X 

> 

II 

Q 

Q. 

TTL input 


1.5 

10 

mA 

Capacitance 

C|N 

Input 

Vcc = 5V, T am b = +25°C, Vin = 2.0V 


8 


PF 

Cb 

I/O 

Vcc = 5V, T amb = +25°C, V| 0 = 2.0V 


16 


PF 


NOTES: 

1 . All typical values are at V cc = 5V, T arrt) = +25°C. 

2. CMOS inputs: Vjl = GND, Vih = Vcc- 

3. TTL inputs: Vil = 0.45V, Vih = 2.4V. 

4. All voltage values are with respect to network ground terminal. 

5. Duration of short-circuit should not exceed one second. Test one at a time. 

6. Alec vs. Frequency = 4mA/MHz max. 


TEST LOAD CIRCUITS 


VOLTAGE WAVEFORMS 
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MACRO CELL AC SPECIFICATIONS 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 


Input Buffer 

(DIN552, NIN552, BDIN552, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 



PARAMETER 




HiHin 



* When input D flip-flop is bypassed. 

Input Pins: 12-18, 20, 21 , 24, 26-28. 

I/O and Bidirectional Pins: 1-3, 5-7, 58-60, 62-66, 69, 70, 75-80, 83, 84. 
Bypassed DFF at Pins: 30-32, 34-39, 41-43, 45, 47-49. 


Internal NAND of Main Array 
(FBNAND, NAND) 



Internal NAND of Clock Array 
(NAND) 
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MACRO CELL AC SPECIFICATIONS (Continued) 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 



Tri-Ctrt 

3-State Output with Programmable Polarity 
(TOUT552 + EXOR552 + NAND) 

In 

__ 

« — ^ N 

Out 


Programmable 

Connection 




j PARAMETER 

SYMBOL 

To 

From 


(Output) 

(Input) 

IPHl 

Out 

In 

IPLH 

Out 

In 

t0E 4 

Out 

Tri-Ctrl 

*OD 4 

Out 

Tri-Ctrl 


PML2852-35 


PML2852-50 


HHRHFM 



Bidirectional Pins: 58-60, 62-66. 



I/O Pins: 1-3, 5-7, 69, 70, 75-80, 83, 84. 
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MACRO CELL AC SPECIFICATIONS (Continued) 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

D FLIP-FLOP 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


ID 



i 





UKfcj 1 ^ 

__BFBx 






SYMBOL 

PARAMETER 

LIMITS 

UNIT 


PML2852-35 

PM L2 852*50 

m 


3 


TYP 


fcKE 

Flip-flop toggle rate 



50 



35 

MHz 

twCKE High 

Clock HIGH 

10 



14 



ns 

tw CKE Low 

Clock LOW 

10 



14 



ns 

f SETUP 10 

/D setup time to CKE 

15 



20 



ns 

IhOLD /D 

/D hold time to CKE 

4 



6 



ns 





SYMBOL 

PARAMETER 

LIMITS 

UNIT 


From 

(Input) 

To 

(Output) 

PML2852-35 

PML2852-50 

MIN 

ifISl 


m 

TYP 


tpLH 

IPHL 

MM 

Q 

Q 

10 

10 

1 

1 

14 

14 

m 

25 

25 

ns 

ns 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

D FLIP-FLOP (Continued) 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 


Input and Output 
(IDFF552 & ODFF552) 


INPUTS OUTPUTS 

CK | D Q Q 

x Q 0 a 0 


l/DA, l/DB 
CKA, CKB, CKC 



! I l I H 


On. n 0 represent previous stable condition of Q, O. 




fcKA, CKB, CKC 


( W CKA, CKB, ckc High 


tw CKA, CKB, CKC Low 


tsETUP l/DA, l/DB 


tpioLD l/DA, l/DB 


f CKE 


twcKE High 


tw CKE Low 


tsETUP /D 


LIMITS 

| PML2852-35 

PM L2 852-50 1 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


50 



Oil 

10 


14 



10 


14 



5 


7 



5 


7 




50 



01 

10 


14 



10 


14 



\mmm 

£HI 



4 

6 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

JK FLIP-FLOPS 

Min: 0°C, 5.25V; Typ: 25°C, 5.0V; Max; 75°C, 4.75V 


(JKPR552) 



fcKI 


fcK2 


twcKi High 


twCKI Low 


tw CK 2 High 


( W CK2 Low 


fSETUP /<J, /K 


Ihold/J./K 


tw PR Low 


tw CL Low 


CK1 toggle frequency 


CK2 toggle frequency 


CK1 dock HIGH 


CK1 clock LOW 


CK2 clock HIGH 


CK2 clock LOW 


/J, /K setup time to CK1 , CK2 


/J, /K hold time to CK1, CK2 


Preset Low period 


Clear Low period 


PARAMETER 



To 

(Output) 


o.a 

Q,C 


Q.Q 

a, a 


o,a 

o,a 


MIN TYP MAX MIN TYP MAX 


.5 

5 

3 

.5 

5 

3 

8 

25 

17 

8 

25 

17 

8 

25 

17 

8 

25 

17 
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AC ELECTRICAL CHARACTERISTICS 

0°C £ Tamb < +75°C, 4.75V £ Vcc £ 5.25V, V PP = V cc , 

Ri = 750Q, R 2 = 442 £i, C L = 5pF for Output Disable) (See Test Load Circuit Diagram) 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

PML2852-35 

PML2852-50 

MIN 

MAX 

MIN 

MAX 

Scan mode operation 1 

ISCMS 

Scan Mode (SCM) Setup time 

15 


15 


ns 

tsCMH 

Scan Mode (SCM) Hold time 

25 


30 


ns 

t|S 

Data Input (SCI) Setup time 

5 


5 


ns 

t|H 

Data Input (SCI) Hold time 

5 


5 


ns 

*CKO 

Clock to Output (I/O) delay 


30 


40 

ns 

tCKH 

Clock High 

10 


15 


ns 

tCKL 

Clock Low 

10 


15 


ns 

Power down, power up 2 

ti 

Input (1, bypassed l/DA, l/DB, I/O, B) setup time before power down 

40 


50 


ns 

h 

Input hold time 

30 


35 


ns 

h 

Power Up recovery time 


60 


70 

ns 

U 

Output hold time 

0 


0 


ns 

*5 

Input setup time before Power Up 

20 


25 


ns 

tOE 

SCI to Output Enable time 3 


40 


50 

ns 

k)D 

SCI to Output Disable time 3 


40 


50 

ns 

*6 

Power Down setup time 

10 


15 


ns 

t? 

Power Up to Output valid 


70 


80 

ns 

Power-on reset 

IPPRI 

Power-on reset output register (Q = 0) to output (I/O) delay 


10 


15 

ns 

tpPR2 

Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
to output (B, bypassed I/O) delay 


40 


50 

ns 


NOTES: 


1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 

2. Timings are measured without foldbacks. 

3. Transition is measured at steady state High level (-500m V) or steady state Low level (+500mV) on the output from 1 ,5V level on the input 
with specified test load (R^ = 7500, R 2 = 4420, Cl = 5pF). This parameter is sampled and not 100% tested. 

4. For 3-State output; output enable times are tested with Cl = 30pF to the 1 ,5V level, and Si is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of V T = (V 0 h - 0.5V) with S, open, and Low-to-High impedance tests are made to the V T = (V G l + 0.5V) level with S, closed. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PML2852 
device is such that erasure begins to occur 
upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent lamps have 
wavelengths in the 3000 - 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2852 in approximately three years, while 
it would take approximately one week to 


cause erasure when exposed to direct 
sunlight. If the PML2852 is to be exposed to 
these types of lighting conditions for 
extended periods of time, opaque labels 
should be placed over the window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 
PML2852 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e. , UV 
intensity x exposure time) for erasure should 
be a minimum of 15Wsec/cm 2 . The erasure 
time with this dosage is approximately 30 to 


35 minutes using an ultraviolet lamp with a 
12,000|iW/cm 2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum 
integrated dose a CMOS EPLD can be 
exposed to without damage is 7258Wsec/cm 2 
(1 week@ 12,OOOpW/cm 2 ). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 

The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 


PROGRAMMING 

Refer to the following charts for qualified manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER 

PROGRAMMER MODEL 

FAMILY/PINOUT CODES 

DATA I/O CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 

(800)247-5700 

UNISITE 40/48 Ver. 3.5 

PINSITE Ver. 3.5 

15918C* (with adaptor) 

15918D 

STREBOR DATA COMMUNICATIONS 

PLP-S1A Programmer 


1008 N. NOB HILL 

AMERICAN FORK, UT 84003 

MP68CC adapter 


BASIC COMPUTER SYSTEMS AG 

UP2000 


WOL FG AN G-PA U Ll-G ASS E 

A-1140 WIEN-AUHOF, AUSTRIA 

Rev. 2.28 


SMS - W. STEUDEL 

SPRINT PLUS/EXPERT 


IM MORGENTAL 13 

D-8994 HERGATZ, GERMANY 

Rev. TBD 


SYSTEM GENERAL 

TURPRO-1 


244 SOUTH PARK VICTORIA DRIVE 
MILPITAS, CALIFORNIA 95035 

Rev. 1.42 



* Needs a 40-pin DIP to 84-pin PLCC adaptor that is available from Emulation Technology. 
Part Number: AS-84-40-01P-6YAM 

EMULATION TECHNOLOGY, INC. 

23688 Walsh Avenue, Building D 
Santa Clara, California 95051 
Telephone No. (408)982-0660 
Fax. No. (408) 982-0664 


SOFTWARE MANUFACTURER 

DEVELOPMENT SYSTEM 

PHILIPS SEMICONDUCTORS 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 

(408)991-2000 

SNAP SOFTWARE 
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Part Number 

Device 

Package 

Standard 

Description 

Description 

MIL-Drawing 

PLC18V8Z/BRA 

GAL 

20DIP3 

PLANNED 

PLC18V8Z/B2A 

GAL 

20LLCC 

PLANNED 

PLC22V10-15/BLA 

GAL 

24DIP3 

5962-8984 105M LA 

PLC22V10-20/BLA## 

GAL 

24DIP3 

5962-89841 02MLA 

PLC22V10-25/B LA## 

GAL 

24DIP3 

5962-89841 04MLA 

PLC22V10-30/BLA## 

GAL 

24DIP3 

5962-8984101 MLA 

PLS167/BLA 

PLS 

24DIP3 


PLS168/BLA 

PLS 

24DIP30 

5962-9201201 MLA 

PLS173 

PLA 

24DIP3 

5962-8850402MLA 

82S100/BXA 

PLA 

28DIP6 

M3851 0/50202XA* 

82S100/BYA 

PLA 

28FLAT 


82S101/BXA 

PLA 

28DIP6 

M3851 0/5020 1XA* 

82S101/BYA 

PLA 

28FLAT 


82S101/B3A 

PLA 

28LLCC 


82S105/BXA 

PLS 

28DIP6 

5962-86 70901XA 

82S105/BYA 

PLS 

28FLAT 

5962-867090 1YA 

82S105/B3A 

PLS 

28LLCC 

5962-86709013A 

82S153A/BRA 

PLA 

20DIP3 

5962-8768201 RA 

82S153A/B2A 

PLA 

20LLCC 

5962-876820 12A 


* Available in QPL part IV specifications 
## Available as an SMD part number only 
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SNAP 1.9 


FEATURES 

• Schematic entry available using 
Data I/O DASH™ 

OrCAD SDT IV™ 

• State equation entry 

• Boolean equation entry 

• Truth table entry 

• Netlist entry 

• Edit 2.xx entry 

• Graphical simulation waveform entry 

• Capability to design in one or any 
combination of formats 

• Device independent, netlist based design 
platform 

• Boolean equation extractor 

• Fuse table editor 

• Philips LESIM 5-State gate array simulator: 

- Logic and fault simulation 

- Model extraction and timing simulation 

- Synthetic logic analyzer format 

- Stimuli entry in waveform format 

- Simulate multiple-PLD design 

• Freezing of selected Critical paths 

• Capability to create user defined macros or 
to use TTL elements 

• Automatic test vector generation for 
combinatorial circuits 

• JEDEC fusemap compiler and device 
programmer interface 


GENERAL DESCRIPTION 

SNAP PLD development software. 
Simple-to-use tools for demanding designs. 

Get ready for greater design productivity. 
SNAP, the complete logic synthesis, 
simulation and layout package for Philips 
Semiconductors full line of PLDs, saves one 
commodity in preciously short supply: design 
time. Fully equipped with every tool you 
need to turn out PLD designs quickly, 
SNAP eliminates the “learning curve” that can 
keep you from being immediately productive. 
Regardless of whether you're a PLD novice 
or seasoned pro, SNAP allows you to 
produce optimized designs within a matter of 
hours. 

For rapid design you need flexibility and 
SNAP provides lots of it. Enter your design in 
the most convenient way possible — using 
any combination of schematics, truth 
tables, Boolean equations, state 
equations or netlists. SNAP merges the 
inputs and generates a dense, high-speed 
design that can be simulated in SNAP’s 
powerful simulator and then downloaded to a 
PLD programmer. 

With SNAP, you produce your design in a 
netlist-based, device-independent 
environment. No need to commit to a 
particular part from the start of the design 
process: With SNAP, you can change the 
target PLD at will, if you find that your design 
needs a larger device or can fit into a smaller, 


less expensive one, simply select a new part 
and resimulate. SNAP allows you to take 
advantage of the most appropriate PLD for 
the job without wasting time. 


SNAP’S UNRIVALED 
SIMULATION FACILITY 

Simulation is a key part of the SNAP design 
process. SNAP incorporates Philips 
5-State ASIC simulator, a simulator so 
unsurpassed in its accuracy and diagnostic 
ability that it is a standard tool used by the 
company’s own chip designers. You can 
examine any of your design’s internal nodes 
and apply SNAP’s virtual logic analyzer to 
display the precise timing at that node. Then 
change the stimulus and put the design 
through its paces with SNAP’s built-in 
waveform editor. Compile into a specific PLD 
and resimulate. When you finally program a 
PLD, chances are that it will run perfectly the 
first time. 

Since testability represents an ever-important 
measure of the success of a PLD design, 
SNAP includes a powerful fault simulator 
that simplifies the task of analyzing fault 
coverage. The tool rapidly generates a report 
detailing undetected and potentially 
undetectable faults, coverage efficiency, and 
other useful data. With it, you get the most 
thorough fault coverage possible in a limited 
test period. 



DASH is a trademark of Data I/O Corp. 
OrCAD STD IV is a trademark of OrCAD. inc. 
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Would you like to know how many potential faults your test vectors can detect? 
Just look at the output of the SNAP FAULT SIMULATOR... 


FAULT LIST: 

TOTAL NUMBER OF SIGNALS = 6 
NUMBER OF NAMED SIGNALS = 6 
NUMBER OF CIRCUIT FAULTS = 12 
NUMBER OF INSERTED FAULTS = 10 
NUMBER OF COLLAPSED FAULTS = 2 

FAULT DETECTION: 

NUMBER OF HARD DETECTED FAULTS = 12 
NUMBER OF POTENTIALLY DETECTED FAULTS = 0 
NUMBER OF UNDETECTED FAULTS = 0 

FAULT COVERAGE: 

HARD DETECTION FAULT COVERAGE = 100.0% 
POTENTIAL DETECTION FAULT COVERAGE = 0.0 % 
TOTAL DETECTION FAULT COVERAGE = 100.0% 


HARD. DETECTION FAULT COVERAGE VERSUS PATTERN* : 
PATTERN# % 0 20 40 60 

+ + + +— 


1 58.3 

2 75.0 

3 83.3 

4 100.0 

5 100.0 




•★a****************************** 
^ ******************************** 
p ******** ************************ 


80 


100 


******* 

******* 


+ + + + + + 


Designers who need to consolidate the 
designs of existing logic devices will draw 
considerable benefit from SNAP’s unique 
Boolean equation extractor. It take the 
design data from existing PLDs and converts 
it to the actual, corresponding Boolean 
equations, which can then be used as an 
input to SNAP. It eliminates the need to find 
and re-enter design data, often a 
time-consuming process. 

And for added convenience, SNAP features 
the powerful logic optimizer, Espresso 
Minimizer. Espresso automatically removes 
all unnecessary gates from your design, 
assuring that it will be the fastest and densest 
possible. Espresso allows you to pack more 
in — or fit it into a smaller PLD. The result 
can be substantial costand power savings. 


FULL SUPPORT NOW — AND 
INTO THE FUTURE 

SNAP supports Philips broad line of PLDs, 
which includes high-speed PAL®-type 
devices, programmable logic arrays, 
programmable logic sequencers, and 
sophisticated programmable macro logic. It is 
fully compatible with SLICE, Philips 
entry-level design package. And as Philips 
introduces new PLDs in the future, SNAP will 
support those too, in a timely manner. You 


can standardize on SNAP for your future 
development, with confidence. 

Menu-driven and supported by clear, 
concise documentation, SNAP is a 
pleasure to use. But if problems do arise, 
Philips network of field applications engineers 
stand ready to help. Specially trained and 
backed by a comps of factory experts, Philips 
FAEs are stationed in all major cities in the 
U.S. and overseas. Wherever you are, 
chances are that support is nearby. 


PAL is a registered trademark of AMD/MMI, Inc. 
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SNAP Boolean Equation Extractor 

FROM THIS: L0000 

1111111111111101110111101111111111111111 

0000000000000000000000000000000000000000 

0000000000000000000000000000000000000000 

0000000000000000000000000000000000000000 

0000000000000000000000000000000000000000 

0000000000000000000000000000000000000000 

0000000000000000000000000000000000000000 

0000000000000000000000000000000000000000 

1111111111111011111111111111111111011111 


TO THIS: slogic equation 

S.D =/ (ASN*RWN*/DREQN1+S*/DREQN1) ; 

AUTOMATICALLY • IMMEDIATELY • EFFORTLESSLY 


TRY IT — YOU’LL LIKE IT 

Pop the enclosed SNAP demo disk into your 
computer and see how easy PLD design can 
be. The demo, like SNAP itself, runs on 
almost any IBM® PC or compatible having 
DOS 3.0 or higher, 640K RAM and a hard 
disk. 


IBM is a registered trademark of International Business Machines Corp. 


PRODUCT SUPPORT 

SLICE supports the Philips line of PLDs, 
which ranges from high-speed PAL devices to 
complex Programmable Macro Logic circuits. 
It will also support new Philips PLDs as they 
are introduced. The devices currently 
supported are: 

Programmable Logic Arrays: 

PLUS153 PLS100 

PLUS 173 

Programmable Macro Logic: 

PLHS501 PML2852 

PML2552 


Programmable Logic 
Sequencers: 

PLS155 PLC42VA12 

PLS157 PLC415 

PLS159 PLS105 

PLS167 PLUS105 

PLS168 PLUS405 

PLS179 


Programmable 

PLUS20L8 

PLUS20R8 

PLUS20R6 

PLUS20R4 

10H20EV8 

10020EV8 

PHD48N22 

PHD16N8 


Array Logic 

PLUS16L8 

PLUS16R8 

PLUS16R6 

PLUS16R4 

PLQ22V10 

PLC18V8Z 

PL22V10 
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SNAP OVERVIEW 

Philips SNAP (Synthesis Netlist Analysis and 
Program) is a software program used in 
implementing logic designs with Philips 
Programmable Logic Devices. The software 
runs on any IBM PS/2, AT, XT, or compatible 
computer. SNAP accepts the logic design 
specified in the form of schematics, EDIF 
netlists. Boolean logic equations, and/or state 
equations; combines the different forms and 
different parts of the design into a single 
netlist; prompts the user to select a target 
PLD; and generates the JEDEC fuse map 
used for programming the target PLD device. 

Schematics can be created with either 
OrCAD SDT III, OrCAD SDT IV or DASH, 
three schematic capture packages offered as 
options to SNAP. Logic and state equations 
can be created using any ASCII text editor. 
After you specify the design, SNAP converts 
the schematic, logic equations, and state 
equations into a single netlist. You can then 
use SNAP to perform the following functions: 

• Create, display, and edit the stimulus 
waveforms for simulation 

• Simulate the logic functions and timing 

• Display and print the simulation results 

• Determine the fault coverage for a given 
set of inputs 

• Generate the test vectors 

• Generate the fuse map for the target PLD 
device 

• Generate a netlist of the PLD 
implementation for simulation 

• Download the fuse map and test vectors to 
the PLD programmer 


Specification of the logic design is 
independent of the type of PLD device. You 
can specify the design first and choose the 
PLD device later, after simulating and 
debugging the logic design. If the chosen 
device is unable to accommodate the design, 
it is a simple matter to select another device 
and generate the fuse map for that device. 
After this has been done, SNAP can generate 
a netlist and a set of logic equations directly 
from the final fuse map, allowing analysis and 
simulation of the final design as implemented 
in the target device. Also, a design using 
several PLD devices can be accurately 
simulated with the use of real delays. 

Supported PLD Devices 

The PLD devices supported by SNAP 1.8 are 
listed below, showing the part number, 
architecture (Inputs x Terms x Outputs), and 
number of pins for each device type. 

Programmable Macro Logic (PML) 

Devices 

PLHS501 104 x 116 x 24 52 pins 

PML2552 185 x 226 x 24 68 pins 

PML2852 185 x 226 x 40 84 pins 


Programmable Logic Sequencer (PLS) 
Devices 


PLS155 

16 

X 

45 

X 

12 

20 

pins 

PLS157 

16 

X 

45 

X 

12 

20 

pins 

PLS159 

16 

X 

45 

X 

12 

20 

pins 

PLS167 

14 

X 

48 

X 

6 

24 

pins 

PLS168 

16 

X 

45 

X 

12 

20 

pins 

PLS179 

12 

X 

48 

X 

8 

24 

pins 

PLC42VA12 

42 

X 

105 

X 

12 

24 

pins 

PLC415 

17 

X 

68 

X 

8 

28 

pins 

PLS 105 

16 

X 

48 

X 

8 

28 

pins 

PLOS105 

22 

X 

48 

X 

8 

28 

pins 

PLUS405 

24 

X 

64 

X 

8 

28 

pins 


Programmable Logic Array (PLA) Devices 


PLS100 

16 

X 

48 

X 

8 

28 

pins 

PLUS153 

18 

X 

42 

X 

10 

20 

pins 

PLUS173 

22 

X 

42 

X 

10 

24 

pins 

PAL Devices 







PLUS16L8 

16 

X 

64 

X 

8 

20 

pins 

PLUS16R8 

16 

X 

64 

X 

8 

20 

pins 

PLUS16R6 

16 

X 

64 

X 

8 

20 

pins 

PLUS16R4 

16 

X 

64 

X 

8 

20 

pins 

PHD16N8 

16 

X 

16 

X 

8 

20 

pins 

PLC18V8Z 

18 

X 

74 

X 

8 

20 

pins 

PLUS20L8 

20 

X 

64 

X 

8 

24 

pins 

PLUS20R8 

20 

X 

64 

X 

8 

24 

pins 

PLUS20R6 

20 

X 

64 

X 

8 

24 

pins 

PLUS20R4 

20 

X 

64 

X 

8 

24 

pins 

10X20EV8 

20 

X 

90 

X 

8 

24 

pins 

PHD48N22 

48 

X 

73 

X 

22 

68 

pins 

PL22V10 

22 

X 

132 

X 

10 

24 

pins 

PLQ22V10 

22 

X 

132 

X 

10 

24 

pins 


Before you can begin using SNAP, you must 
first install the software and learn the function 
keys and top-level menu. As part of the setup 
procedure, you specify the text editor and 
schematic capture software you are using 
with SNAP so that SNAP can invoke these 
programs as needed. 
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Overview of SNAP Process 

The OrCAD SDT IV and DASH schematic 
capture systems are available as options to 
the SNAP software package. 

OrCAD SDT IV is a complete schematic 
capture package, one of several design tools 
offered by OrCad Systems Corporation. 
OrCAD SDT IV lets you create, edit, save, 
and print logic schematics. Schematic data 
files are accepted directly by the SNAP 
software. Instructions on installing and using 


OrCAD SDT IV are provided with the OrCAD 
SDT IV software package. Supplemental 
information is provided in Appendix A of the 
User's Manual on configuring OrCAD SDT IV 
for compatibilty with SNAP. 

DASH is Data I/O schematic capture 
package. Schematic data files are accepted 
directly by the SNAP software. Instructions 
on installing and using DASH are provided in 
Appendix B of the User's Manual, serving as 
an addendum to the DASH User's Manual. 


Any of these schematic capture systems may 
be used for logic design purposes with SNAP. 

SNAP is an interactive, menu-driven software 
package. At the top level of the program is a 
graphical menu that allows selection of the 
desired SNAP operation. See Figure 5. 

The boxes show the SNAP program 
operations that you can select. Operations 
may be performed at any time and in any 
order, provided that the input files for that 
operation are available. 


SNAP 1.90 Copyright 1993 PHILIPS SEMICONDUCTORS All rights reserved 



1 : HELP 2 : RUN 3:PROJECT 4 : STATUS 5:SETUP 6:SAVE 7:DOS 8:EDIT 9:PRINT 10:EXIT 

Figure S. Top-Level SNAP Menu 
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Figure 6 shows the typical order in which the 
SNAP program operations are executed. The 
figure also shows the file name extensions for 
the files produced by (and used by) the 
individual program operations. The menu 
options shown in bold boxes are the minimum 
required to specify a design and generate the 
fuse map. The remaining menu options may 
be used as needed for simulation and testing 
purposes. 

In Step 1 (ScCapture), you specify part or all 
of the logic design with the schematic capture 
package (OrCAD SDT IV or DASH), using a 
library of logic elements recognized by SNAP. 
The design may be drawn hierarchically. In 
Step 2 (NetGen), SNAP converts the 
schematic into an intermediate netlist (.MAC 
file). 


In Step 3 (Equations), you specify part or all 
of the logic design with Boolean logic 
equations and/or state equations. In Step 4 
(Minimizer), an optional step, SNAP changes 
the form of the equations to minimize the 
number of gates necessary to implement the 
design. In Step 5 (NetConv), SNAP converts 
the logic and state equations into an 
intermediate netlist {.MAC file). 

The complete design may be specified with 
any combination of schematic capture, logic 
equations, and state equations. Different 
parts of the design may be specified 
separately. Each lower-level part of the 
design is a “macro" that can be used multiple 
times at a higher level of the hierarchy. 


In Step 6 (Merger), SNAP combines the 
separate netlists (.MAC files) into a single 
master netlist (.NET file). 

In Step 7 (SimNet), SNAP converts the 
master netlist into a binary-format file (.BIN 
file) that is accepted by the simulator. 

In Step 8 (Waveforms), you use a graphical 
waveform editor to create the input signals for 
the simulation. SNAP converts the 
waveforms into the “Simulation Control 
Language” format (.SCL file). 

In Step 9 (SimScI), SNAP simulates the logic 
operation and timing of the design using the 
input signals created previously. The resulting 
output signals are stored in a “results" file 
(.RES file). 
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In Step 10 (Plot), SNAP displays the results 
graphically on the screen. You can analyze 
the simulation results in detail by adjusting 
the time range and time scale of the display. 

In Step 11 (SimPrt), SNAP prints out the 
simulation results on the printer, monitor 
screen, or a disk file. You select the type of 
display (alphanumeric or graphic), the time 
range, and the time scale for the printout. 

In Step 12 (SimFIt), SNAP simulates the 
design with circuit faults, and reports the 
percentage of potential faults that can be 
detected with the given set of input test 
signals. Test signals may be specified as 
waveforms or by an ASCII file. A detailed 
fault coverage report is generated (.FLT file). 

In Step 13 (Compiler), SNAP generates the 
fuse map for implementing the logic design. 
You select the PLD device type and then 
specify the input/output signal name 
associated with each device pin. SNAP 
optimizes the design for the selected device, 
generates the fuse map, and writes out the 
results in JEDEC format (.JED file). The 
percentage utilization of the on-chip PLD 
resources is reported on the screen and 
stored in a separate file (.USE). 

In Step 14 (ModGen), SNAP takes the PLD 
device structure and fuse map, and 
generates a new netlist (.MOD file) based on 
the actual implementation of the logic design 
in the PLD device. This new netlist can be 
simulated in the same manner as the original 
design, allowing verification of the PLD 
implementation. 


In Step 15 (TestVector), the test vectors 
(input signals and expected output signals) 
are converted to JEDEC format. This 
information can be downloaded to the device 
programmer machine along with the fuse 
map (.VEC file). 

In Step 16 (DPI), the Device Programmer 
Interface, SNAP downloads the fuse map and 
test vectors to the PLD programmer machine 
through a serial port. The programmer 
machine uses the fuse map to program the 
PLD device, and the test vectors to test the 
device after programming. 

The programmed device operates as 
specified by the schematics, logic equations, 
and state equations created in Steps 1 and 3. 

Many of the steps described above are 
optional. The minimum steps necessary for a 
project are either ScCapture and NetGen, or 
Equations and NetConv, to specify the logic 
design; Merger to make the netlist; Compiler 
to generate the fuse map; and DPI to 
download the fuse map to the device 
programmer. The other steps allow you to 
analyze and simulate the design, and to 
generate the test vectors. 

Hardware and Software 
Requirements 

SNAP requires the following computer 
resources: 

• IBM PS/2, AT, XT or compatible computer 

• MS-DOS operating system, version 3.0 or 
higher 

• 640 Kbytes RAM 


• Hard disk drive: 10 Mbytes (20 Mbytes or 
more preferred) 

• Floppy disk drive 

• Monitor: Hercules, EGA, or VGA 
recommended for schematic capture 

• Text editor software 

Installation 

The SNAP software is provided on a set of 
floppy diskettes. Two functionally identical 
sets are provided: a 5 V 4 inch set and a 3V 2 
inch set. 

The files are stored on the diskettes in 
compressed-data format, so you cannot 
simply copy the files to the hard disk. Instead, 
use the installation program provided on the 
diskettes. Running the installation program is 
straightforward. The program takes care of 
creating a SNAP subdirectory (if it doesn’t 
already exist), and automatically 
“decompresses’’ the SNAP files and transfers 
them to the hard disk. If you have an earlier 
version of SNAP installed on your system, 
first make a backup of all data files (if any) in 
your SNAP subdirectory. To ensure that you 
don’t lose any valuable files, make a 
separate, complete backup of the SNAP 
subdirectory using the BACKUP command or 
a backup utility program. Then delete all the 
files from the SNAP subdirectory. 

If you are upgrading from SLICE, you can 
install SNAP without removing SLICE. Once 
you are familiar with SNAP, you can delete 
SLICE from the hard disk. 
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Philips Semiconductors PLD programming guide 


Philips 

Semiconductors 


ADVANTEST ADVIN 


R4971 I PILOT-U84 




PRODUCT NAME Revision Revision Revision 


PAL® DEVICES 


10H20EV8-4 


10020EV8-4 


PHD16N8-5 


PHD48N22-7 


PL22V10-10/-12/-15 


PLC 1 8V8Z-25/-35 


PLUS16L8-7/D ** 


PLUS16R4-7/D ** 


PLUS16R6-7/D ** 


PLUS16R8-7/D ** 


PLUS20L8-7/D ** 


PLUS20R4-7/D ** 


PLUS20R6-7/D ** 


PLUS20R8-7/D ** 


PLA DEVICES 


PLS100 


PLS101 


PLS153/153A 


PLS173 


PLUS153-10/D/B 


PLUS173-10/D/B 


PLS DEVICES 


PLC415-16 


PLC42VA1 2 


PLS105/105A 


PLS155 


PLS157 


PLS159A 


PLS167/167A 


PLS168/168A 


PLS179 


PLUS105-55/-45 


P LU S405-55/-45/-3 7 


PML DEVICES 


PLHS501/501I 


PML2552-35/-50 


P M L285 2-35/-50 


* See individual programmer reference guide for more details. 

** New revision listed is required if you wish to program the security 
PLUS20L8/R8/R6/R4 Rev. G or later 

PLUS16R8/R6/R4 Rev. I or later 
PLUS16L8 Rev. K or later 
*** Need version 4.0 for SO Package Support 
®PAL is a registered trademark of Advanced Micro Devices, Inc. 


BP MICROSYSTEMS 


BP-1200 CP-1128 


Software Software 
Revision Revision 


UNISITE 

MODEL 

2900 

MODEL 

3900 

Revision 

System 

Revision 

System 

Revision 



2.22 

1.78 

2.2 

1.5 

1.0 

2.22 

1.78 

2.2 

1.5 

1.0 

2.22 

1.78 

2.8 

1.5 

1.0 

2.22 

1.78 

1.7 

1.5 

1.0 

2.22 

1.78 

3.6 

1.5 

1.1 

2.22 

1.78 

2.3 

1.5 

1.1 



fuse on the following products: 


November 1993 
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DATA I/O* (continued) 

| LOGICAL DEVICES 

MODEL 

29B 

MODEL 

60 

ALLPRO40 

ALLPRO88 

303A-011A 

System 

Software 

Software 

Revision 

Revision 

Revision 

Revision 

PAL® DEVICES 

- 

_ 

1.50C 

2.10 

- 

- 

1.50C 

2.10 

V12 

V15 

1.50C 

2.10 

- 

- 

- 

2.10 

V14 

V18 

- 

- 

V09 

V15 

1.50C 

2.10 

V08 

VI 4.2/1 9 

1.50C 

2.10 

V08 

VI 4.2/1 9 

1.50C 

2.10 

V08 

VI 4.2/1 9 

1.50C 

2.10 

V08 

VI 4.2/1 9 

1.50C 

2.10 

V08 

VI 4.2/1 9 

1.50C 

2.10 

V08 

VI 4.2/1 9 

1.50C 

2.10 

V08 

V14.2/19 

1.50C 

2.10 

V08 

V14.2/19 

1.50C 

2.10 

PLA DEVICES 

V05* 

V01 

1.50C 

2.10 

V05* 

V01 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V07 

V15 

1.50C 

2.10 

V07 

V15 

1.50C 

2.10 

PLS DEVICES 

V10 

VI 7.1 

1.50C 

2.10 

V12 

V15 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V02 

V13 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V02 

V12 

1.50C 

2.10 

V02 

- 

1.50C 

2.10 

V09 

- 

1.50C 

2.10 

V07 

- 

1.50C 

2.10 

PML DEVICES 

- 

- 

1.50C 

2.10 

- 

- 

- 

- 

- 

- 

- 

- 
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SMS 

STAG* 

STREBOR 

SYSTEM GENERAL | 

SPRINT 

PLUS 

ZL30A 

PLP-S1A 

SGUP-85A 

TURPRO-1 

System 

System 

Software 

System 

System 

Revision 

Revision 

Revision 

Revision 

Revision 

n 

3.5 

- 

- 

2.4 

1.68 

3.5 



2.4 

1.68 

3.5 

30A36 


2.4 

1.68 

- 

- 

FD 

- 

1.68 

- 

30B01 

- 

- 

1.68 

3.5 

30A31 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

3.5 

30A31/B07 

- 

2.4 

1.68 

1 

3.5 

30A01 

- 

- 

- 

3.5 

30A01 

- 

- 

- 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A40 

- 

2.4 

1.68 

3.5 

30A40 

- 

2.4 

1.68 

_____ J 

3.5 

30A34 

- 

- 

1.68 

- 

30A34 

- 

2.4 

- 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A25 

- 

2.4 

1.68 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A01 

- 

2.4 

1.68 

3.5 

30A27 

- 

2.4 

1.68 

3.5 

30A37 

- 

- 

- 

3.5 

30A31 

- 

2.4 

1.68 

□ 

- 

30A22 

FA 

2.4 

1.68 

- 

- 

FC 

- 

1.68 

- 

- 

FD 


1.68 
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Philips Semiconductors Programmable Logic Devices 


PLD programmer reference guide — 
Data I/O Corporation 


Data I/O Corporation 
10524 Willows Road, N.E. 

Redmond, Washington 98073-9746 
Telephone Number: (800) 247-5700 


Philips 

Semiconductors 


MODEL 29B 

Adapter Revision 

UNISITE 

MODEL 

MODEL 

MODEL 60 

Adapter Revision 

Part 

Number 

Device 

Code 

DIP 

PLCC 

Site 

40/48 

Chip/ 
Pin Site 

2900 

3900 

System 

Revision 

DIP 

PLCC 

PHD 

PHD16N8 

1B8F 

303A-011A;V12 

303A-011B;V05 

V2.8 

V3.4 

1.6 

1.0 

V15 

360A001 

360A006 

PHD48N22 

0960B2 

— 

— 

V3.4**“ 

V3.4** 

— 

1.1 

— 

— 

— 

ECL 

10H20EV8 

14013B 

— 

— 

V2.7 

V2.7 

mm 


— 

— 

■ 

10020EV8 

14013B 

— 

— 

V3.0 

TBD 

HI 


— 

— 

1 

PAL® 

PLC18V8Z-35/-25 

864F 

303A-011A;V09 

303A-011B;V04 

mm 


■9 

1.0 

V15 

360A001 

360A006 

PL22V10 

A628 

303A-011A;V14 

303A-011B;V04 

MUM 


■a 

1.1 

V18 

360A001 

360A006 

PLUS16L8 

1B17 

303A-011A;V08 

303A-011B;V04 

V3.8* 

V3.8* 

1.5 

mm 

V14.2 

360A001 

360A006 

PLUS16R8/R6/R4 

1B24 

303A-011A;V08 

303A-011B;V04 

V3.8* 

V3.8* 

1.5 

19 

V14.2 

360A001 

360A006 

PLUS20L8 

1B26 

303A-011A;V08 

303A-011B;V04 

V3.9* 

V3.9* 

1.5 

1.0 

V14.2 

360A001 

360A006 

PLUS20R8/R6/R4 

1B27 

303A-011A;V08 

303A-011B;V04 

V3.9* 

V3.9* 

1.5 

1.0 

V14.2 

360A001 

360A006 

PLA 

PLS100/101 

9601 

303A-001;V01 

— 


— 

1.0 

1.0 

— 

— 

— 

PLS100/101 

9661 

303A-001;V05 

— 


V2.2 

1.0 

1.0 

V01 

360A003 

— 

PLS 153/A 

9665 

303A-011A;V02 

303A-01 1 B;V02 


— 

1.0 

1.0 

V01 

360A002 

A ONLY 

PLS153/A 

9665 

303A-001;V05 

303A-011B;V02 

V2.8 

V2.8 

1.0 

1.0 

V12 

360A009 

A ONLY 

PLS 173 

9676 

303A-011A;V02 

303A-011B;V02 

V1.7 

— 

1.0 

1.0 

V08 

360A002 

— 

PLS 173 

9676 

303A-001 ;V06 

303A-011B;V02 

VI. 7 

VI. 7 

1.0 

1.0 

V12 

— 

360A009 

PLUS153B/D/-10 

1B65 

303A-011A;V07 

303A-011B;V03 

V3.6 

V3.6 

1.0 

1.1 

V15 

360A001 

360A009 

PLUS173B/D/-10 

1B76 

303A-011A;V07 

303A-011B;V03 

V2.3 

V2.3 

1.0 

1.1 

V15 

360A002 

360A009 

PLS 

PLC415-16 

86AA 

303A-011A;V10 

303A-011B;V04 

V2.6 


1.5 

1.0 

V17.1 

360A003 

TBD 

PLC42VA1 2 

868A 

303A-011A;V12 

303A-011B;V05 

V3.5 


1.6 

1.0 

V15 

360A002 

TBD 

PLS105/A 

9603 

303A-011A;V02 

— 

VI 5 


1.0 

1.0 

V01 

360A003 

A ONLY 

PLS 105/A 

9603 

303A-001;V01 

— 

— 


1.0 

1.0 

V12 

— 

— 

PLS 105/A 

9663 

303A-001;V05 

303A-011B;V02 

VI. 5 


1.0 

1.0 

— 

360A003 

— 

PLS105/A 

9663 

303A-011A;V02 

303A-011B.V02 

VI. 5 

VI .5 

1.0 

1.0 

V01 

— 

360A008 

PLUS105-45/-55 

1B63 

303A-011A;V09 

303A-011B;V04 

V3.6 

V3.6 

2.3 

1.0 

— 

— 

— 

PLS 155 

9667 

303A-011A;V02 

303A-011B;V02 

VI. 5 

— 

1.0 

1.0 

V01 

360A002 

— 

PLS155 

9667 

303A-00 1 ;V05 

303A-011B;V02 

VI. 5 

VI. 5 

1.0 

1.0 

V12 

— 

360A009 

PLS 157 

9668 

303A-001;V05 

303A-011B;V02 

VI. 5 

— 

1.5 

1.0 

V13 

360A002 

— 

PLS157 

9668 

303A-011A;V02 

303A-011B;V02 

VI. 5 

VI. 5 

1.5 

1.0 

V13 

— 

360A009 

PLS159A 

6466 

303A-011A;V02 

303A-011B;V02 

V3.0 

V2.8 

1.5 

1.0 

V12 

360A002 

360A009 

PLS159A 

6466 

— 

— 

V3.0 

— 

1.5 

1.0 

— 

— 

— 

PLS167/A 

9660 

303A-011A;V02 

303A-011B;V02 

VI. 5 

VI .5 

1.5 

1.0 

V05 

360A002 

— 

PLS 167/A 

9660 

— 

— 

— 

— 

1.5 

1.0 

V12 

— 

360A009 

PLS 168/A 

9674 

303A-011A;V02 

303A-011B;V02 

VI. 5 

VI .5 

1.5 

1.0 

V05 

360A002 

— 

PLS 168/A 

9674 

303A-001 ;V06 

— 

— 

— 

1.5 

1.0 

V12 

— 

360A009 

PLS179 

9677 

303A-011A;V02 

303A-011B;V02 

V3.3 

V3.3 

1.5 

1.0 

— 

— 

— 

PLUS405-37/-45/-55 

1B79 

303A-011A;V07 

303A-011B;V04 

V3.6 

V3.6 

2.3 

1.7 

— 

— 

— 
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Philips Semiconductors Programmable Logic Devices 


PLD programmer reference guide — 
Data I/O Corporation 


Philips 

Semiconductors 


MODEL 29B 

Adapter Revision 

UNISITE 

MODEL 

MODEL 

MODEL 60 

Adapter Revision 

Part 

Number 

Device 

Code 

DIP 

PLCC 

Site 

40/48 

Chip/ 
Pin Site 

2900 

3900 

System 

Revision 

DIP 

PLCC 

PML 

PLHS501 

1002 

— 

— 

— 

VI .7 


1.1 

— 

— 

— 

PLHS502 

01C05E 

— 

— 

V2.4*** 

V3.2** 


— 

— 

— 

— 

PML2552-35/-50 

15908C 

— 

— 

V2.8**** 

V3.1** 

Hlgfj 

1.1 

— 

— 

— 

PML2852-35/-50 

15918C 

— 

— 

V3.5***** 

V3.5 


— 

— 

— 

— 


NOTES: 


1 . The software and hardware revisions listed are the first revisions released. All following revisions maintain support. 

2. FOR UNISITE USERS: PLCC packages can be programmed on either the Chipsite or Pinsite adaptors. 

3. FOR UNISITE USERS ONLY: Family codes listed above (the first two digits) must be preceeded with a “0” for PLCC packages. Pin codes 
listed above (the last two digits) must be preceeded with a "7” or “6" for PLCC packages. Also, product name might be preceeded by “-FN”. 

4. * This version required to program security fuse on newer product. 

Older parts can use Version 2.3 or later. 

** Pinsite adaptor required to program and functionally test these products without a DIP to PLCC adaptor. 

*** Needs a 40-Pin DIP to 68-Pin PLCC adaptor available from Emulation Technology. Part Number: AS-68-40-O1P-6 
Pinsite is also available for programming and functional testing without an adaptor. 

**** Needs a 40-Pin DIP to 68-Pin PLCC adaptor that is available from Emulation Technology. Part Number: AS-68-40-04P-6 
Pinsite is also available for programming and functional testing without an adaptor. 

***** Needs a 40-Pin DIP to 84-Pin PLCC adaptor available from Emulation Technology Part Number: AS-84-40-O1P-6YAM 
EMULATION TECHNOLOGY, INC. 

2368B Walsh Avenue, Building D 
Santa Clara, California 95051 
Telephone No. (408) 982-0660 
Fax. No. (408)982-0664 

5. DEVICE CODE: XXYY 

XX = FAMILY CODE 
YY = PIN CODE 

®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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Philips Semiconductors Programmable Logic Devices 


PLD programmer reference guide — 
Stag Micro Systems, Inc. 


STAG MICRO SYSTEMS, INC. 

Western Area: 

Eastern Area: 

1600 Waytt Drive, Suite 3 

3 Northern Blvd., Suite B4 

Santa Clara, CA 95054 

Amherst, NH 03031 

(408) 988-1118 

(603) 673-4380 



DEVICE CODES 

MODEL 

ZL30 

MODEL 

ZL30A 

PHILIPS SEMICONDUCTORS 

PART NUMBER 

FAMILY 

CODES 

PIN 

CODES 

(DIP ONLY) 

SYSTEM 

REVISION 

PLCC 

ADAPTER 

PHD DEVICES 






PHD16N8-5 

10 

167 

30A36 

30A36 

30A001 

ECL DEVICES 






10H/10020EV8 

-- 

— 

— 

— 

-- 

PAL® DEVICES 



mm mmm 



PL22V10-10/-12/-15 


070 

■ 

30B01 

TBA 

PLC18V8Z 

9 

205 


30A34 

30A001 

PLUS20L8D/-7 

ii 

56 


30A31/B07 

30A001 

PLUS20R8D/-7 

ii 

57 

30A31 

30A31/B07 

30A001 

PLUS20R6D/-7 

ii 

58 

30A31 

30A31/B07 

30A001 

PLUS20R4D/-7 

ii 

59 

30A31 

30A31/B07 

30A001 

PLUS16L8D/-7 

ii 

29 

30A31 

30A31/B07 

30A001 

PLUS16R8D/-7 

ii 

30 

30A31 

30A31/B07 

30A001 

PLUS16R6D/-7 

ii 

31 

30A31 

30A31/B07 

30A001 

PLUS16R4D/-7 

ii 

32 

30A31 

30A31/B07 

30A001 

PLA DEVICES 






PLS100/101 


00 

30A01 

30A01 

30A001 

PLS153/153A 


05 

30A01 

30A01 

30A001 

PLUS153B/D/-10 

ii 

05 

30A39S 

30A39S 

30A001 

PLS173 

15 

96 

30A01 

30A01 

TBA 

PLUS173B/D/-10 

11 

96 

30A39S 

30A39S 

TBA 

PLS DEVICES 






PLS105/105A 

13 

02 

30A01 

30A01 

30A001 

PLUS105-45/-55 

11 

02 

30A39 

30 A3 7 

30A001 

PLC415 

12 

177 

30A34 

30A34 

30A001 

PLC42VA12 

12 

197 

30A45 

30A45 

30A001 

PLS 155 

14 

06 

30A01 

30A01 

30A001 

PLS 157 

14 

07 

30A01 

30A01 

30A001 

PLS159A 

13 

08 

30A25 

30A25 

30A001 

PLS167/167A 

15 

91 

30A01 

30A01 

30A001 

PLS168/168A 

15 

97 

30A01 

30A01 

30A001 

PLS 179 

15 

130 

30A27 

30A27 

30A001 

PLUS405-37/-45/-55 

11 

138 

30A31 

30A31 

30A001 

PML DEVICES 







PLHS501 


10 


133 


N/A 


30A22* 


30A101 


NOTES: 

The software and hardware revisions listed are the earliest revisions that support these products. Later 
revisions can also be assumed to support these products. 

♦ Requires 30A101 adaptor; includes PLCC support. 

1 . The second revision listed is required if you wish to program the security fuse on the following products: 
PLUS20L8/R8/R6/R4 Rev. G or later 
PLUS16R8/R6/R4 Rev. I or later 
PLUS16L8 Rev. K or later 
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Philips Semiconductors Programmable Logic Devices 


PLD programmer vendors contact guide 


COMPANY 

LOCATION 

PERSON TO CONTACT 

CERTIFICATION 

Advin Systems 

1050-L E. Duane Avenue 
Sunnyvale, CA 94086 

Wing F. Hui 
(408) 243-7000 

Pending update 

75% done 

American Reliance 

9952 Eash Bladwin Place 

El Monte, CA 91731 

John Goosseff 

Tel: (800) 654-9838 
(818)575-5110 

Vendor to provide equipment 

Aval Data 

Daisan-Maruzen Building 

6-16-6 Nishishinjuku 
Shinjuku-ku, 

Tokyo Japan 1 60 

Toshiko Ishii 
03-3344-2001 

Vendor to provide equipment 

B&C Microsystems 

750 N. Pastoria Avenue 
Sunnyvale, CA 94086 

(408) 730-5511 

Pending new update 

Basic Computer 

Systems AG 

Wolfgang-Pauli-Gasse 

A-1140 Klagenfurt-Auhof, 

Austria 

Tel: +43-222-9736360 

Fax: +43-222-975915 

Certified 4/89 

UP 2000 

BP Microsystems 

1000 North Post Oak Rd. Suite 225 
Houston, TX 77055 

Bill Cates 
(800) 225-2102 

Fax #(713) 461-7413 

Certified PLD1100, CP1 128 

Data I/O 

10525 Willow Road, N.E. 
Redmond, WA 98073-9746 

(800) 247-5700 

Certified Model 29/60 
UNISITE, SI 000, 2900, 3900 

Eden Engineering 

1 2505 Loma Rica Drive 

Grass Valley, CA 95945 

Dan Mower 
(916) 272-2770 

Vendor to provide equipment 

Elan Digital Systems 

538 Valley Way 

Milpitas, CA 95035 

(800) 541 -ELAN 
(408) 946-8495 

Pending new update 

HiLo/Tribal 

Microsystems 

44388 S. Grimmer Blvd. 

Fremont, CA 94538 

Robert Kruger 
(510) 623-8860 

Pending new update 

Logical Devices 

692 South Military Trail 

Deerfield Beach, FL 33442 

Joleen Rasmussen 
(800) 331-7766 
(305) 428-6868 
(FL only) 

ALLPRO 40 

Certified 7/91 

Minato 

3628 Madison Avenue, 

Suite 5 

North Highlands, CA 95660 

Tel: (916)348-6066 

Fax: (916)348-0926 

Certified 

System 1891 & 1910 

Red Square Co. 

2098 South Grand Avenue 

Suite H 

Santa Ana, CA 92705 

Stanley Fiala 
(714)751-1373 

Vendor to provide equipment 

SMS 

Sprint Plus/Expert 

P.O. Box3159 

Redmond, WA 98073—3159 

Bob Young 
(206) 883-8447 

Certified 

Sprint Plus 


SMS - G. Steudel 

Im Morgental 13 

D-8994 Hergatz, Germany 

Tel: +49-7522-4460 

Fax: +49-7522-8929 


Stag Micro Systems, Inc. 

1600 Wyatt Drive, Suite 3 

Santa Clara, CA 95054 

Terry Hepner 
(408)988-1118 

Certified 

ZL30A 

Strebor 

PML Support Only 

1008 North Nob Hill Drive 
America Fork, UT 84003 

Larry Roberts 
(801) 756-3605 

Certified 

PLP-S1/S1A 

ByTek 

543 N.W. 77th Street 

Boca Raton, FL. 33487 

Buddy Farmer 
800-523-1565 

Vendor to provide EQ. 

Sunrise Electronics 

524 South Vermont 

Glendora, CA81740 

Anh Le 

(818)914-1926 

Vendor to provide equipment 

System General 

510 South Park Victoria Dr. 

P.O. Box 361898 

Milpitas, CA 95036-1898 

Tim Morse 
(408) 263-6667 

Certified - SGUP-85/85A 
TURPRO-1 

Xeltek 

757 No Pastoria Avenue 
Sunnyvale, CA 94086 

Young Oh 
(408) 745-7974 
(800)541-1975 

Pending new update 
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Philips Semiconductors Programmable Logic Devices 


Approved software support 


PHILIPS 

PRODUCT NAME 
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Philips Semiconductors Programmable Logic Devices 


Third-party software support 


ABEL 

Data I/O Corporation 
10525 Willows Road N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
Telephone: (206) 881-6444 


PART NUMBER 

TYPE 

PACKAGE 

# PINS 

DEVICE FILE 

ABEL REV. 

10020EV8 

PAL® 

DIP 

24 

EC20EV8A 

3.1 

10020EV8 

PAL 

PLCC 

28 

EC20EV8AC 

4.2 

10H20EV8 

PAL 

DIP 

24 

EC20EV8A 

3.1 

10H20EV8 

PAL 

PLCC 

28 

EC20EV8AC 

4.2 

PHD16N8 

PAL 

DIP 

20 

P16N8 

4.0 

PHD16N8 

PAL 

PLCC 

20 

P16N8 

4.0 

PHD48N22 

PAL 

PLCC 

68 

P48N22 

4.0 

PL22V10 

PAL 

DIP 

24 

P22V10 

3.4 

PL22V10 

PAL 

PLCC 

28 

P22V10C 

3.4 

PLC18V8Z 

EPLD 

DIP 

20 

P18V8Z 

4.1 

PLC18V8Z 

EPLD 

PLCC 

20 

P18V8Z 

4.1 

PLC415 

FPLS 

DIP 

28 

F415 

4.0 

PLC415 

FPLS 

PLCC 

28 

F415 

4.0 

PLC42VA12 

FPLS 

DIP 

24 

F42VA12 

4.1 

PLC42VA12 

FPLS 

PLCC 

28 

F42VA12 

4.2 

PLHS501 

PML 

PLCC 

52 

PML501 

3.1 

PLS100 

FPLA 

DIP 

28 

F100 

3.1 

PLS100 

FPLA 

PLCC 

28 

F100 

3.1 

PLS101 

FPLA 

DIP 

28 

F100 

3.1 

PLS101 

FPU 

PLCC 

28 

FI 00 

3.1 

PLS105/105A 

FPLS 

DIP 

28 

F105 

3.1 

PLS105/105A 

FPLS 

PLCC 

28 

F105 

3.1 

PLS153/153A 

FPU 

DIP 

20 

FI 53 

3.1 

P LSI 53/ 153 A 

FPU 

PLCC 

20 

FI 53 

3.1 

PLS155 

FPLS 

DIP 

20 

F155 

3.1 

PLS155 

FPLS 

PLCC 

20 

F155 

3.1 

PLS157 

FPLS 

DIP 

20 

FI 57 

3.1 

PLS157 

FPLS 

PLCC 

20 

F157 

3.1 

PLS159A 

FPLS 

DIP 

20 

FI 59 

3.1 

PLS159A 

FPLS 

PLCC 

20 

F159 

3.1 

PLS167/167A 

FPLS 

DIP 

24 

F167 

3.1 

PLS167/167A 

FPLS 

PLCC 

28 

F167C 

4.2 

PLS168/168A 

FPLS 

DIP 

24 

F168 

3.1 

PLS168/168A 

FPLS 

PLCC 

28 

F168C 

4.2 

PLS173 

FPU 

DIP 

24 

FI 73 

3.1 

PLS173 

FPU 

PLCC 

28 

F173C 

4.2 

PLS179 

FPLS 

DIP 

24 

FI 79 

3.1 

PLS179 

FPLS 

PLCC 

28 

F179C 

4.2 

PLUS105 

FPLS 

DIP 

28 

F105 

3.1 

PLUS105 

FPLS 

PLCC 

28 

F105 

3.1 

PLUS153 

FPLA 

DIP 

20 

F153 

3.1 

PLUS153 

FPLA 

PLCC 

20 

F153 

3.1 

PLUS16L8 

PAL 

DIP 

20 

P16L8 

3.1 

PLUS16L8 

PAL 

PLCC 

20 

P16L8 

3.1 

PLUS16R4 

PAL 

DIP 

20 

P16R4 

3.1 

PLUS16R4 

PAL 

PLCC 

20 

P16R4 

3.1 

PLUS16R6 

PAL 

DIP 

20 

P16R6 

3.1 

PLUS16R6 

PAL 

PLCC 

20 

P16R6 

3.1 

PLUS16R8 

PAL 

DIP 

20 

P16R8 

3.1 

PLUS16R8 

PAL 

PLCC 

20 

P16R8 

3.1 

PLUS173 

FPLA 

DIP 

24 

FI 73 

3.1 

PLUS173 

FPLA 

PLCC 

28 

F173C 

4.2 


OPAL is a registered trademark of Advanced Micro Devices, Inc. 
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Third-party software support 


ABEL - Data I/O Corporation (CONTINUED) 


PART NUMBER 

TYPE 

PACKAGE 

# PINS 

DEVICE FILE 

ABEL REV. 

PLUS20L8 

PAL 

DIP 

24 

P20L8 

3.1 

PLUS20L8 

PAL 

PLCC 

28 

P20L8C 

4.1 

PLUS20R4 

PAL 

DIP 

24 

P20R4 

3.1 

PLUS20R4 

PAL 

PLCC 

28 

P20R4C 

4.1 

PLUS20R6 

PAL 

DIP 

24 

P20R6 

3.1 

PLUS20R6 

PAL 

PLCC 

28 

P20R6C 

4.1 

PLUS20R8 

PAL 

DIP 

24 

P20R8 

3.1 

PLUS20R8 

PAL 

PLCC 

28 

P20R8C 

4.1 

PLUS405 

FPLS 

DIP 

28 

F405 

3.1 

PLUS405 

FPLS 

PLCC 

28 

F405 

3.1 


April 1992 


531 


















Philips Semiconductors Programmable Logic Devices 


Third-party software support 


CUPL 

Logical Devices, Inc. 

1201 N.W. 65th Place 
Ft. Laudedale, FL 33309 
Telephone: (305) 974-0967 


PART NUMBER 

DEVICE MNEMONIC 

# PINS 

# FUSES 

# OF P-TERMS 

CUPL REV. 

10020EV8 

P1020EV8 

24 

3616 

80 

4.2a 

10H20EV8 

P1020EV8 

24 

3616 

80 

4.2a 

82S100 

FI 00 

28 

1928 

48 

2.00a 

82S101 

FI 00 

28 

1928 

48 

2.00a 

82S105/105A 

FI 05 

28 

3553 

48 

2.00a 

82S153/153A 

FI 53 

20 

1842 

42 

2.15a 

PHD16N8 

P16N8 

20 

512 

16 

2.50a 

PHD48N22 

F48N22 

68 

7008 

73 

4.2a 

PLC18V8Z 

F18V8Z 

20 

2689 

72 

4.2a 

PLC415 

F415 

28 

5751 

68 

4.0a 

PLC42VA12 

F42VA12 

24 

8994 

10 

4.2a 

PLHS501 

F501 

52 

15780 

112 

3.2a 

PLS100 

FI 00 

28 

1928 

48 

2.00a 

PLS101 

FI 00 

28 

1928 

48 

2.00a 

PLS105/105A 

FI 05 

28 

3553 

48 

2.00a 

PLS153/153A 

FI 53 

20 

1842 

42 

2.15a 

PLS155 

FI 55 

20 

2108 

43 

2.00a 

PLS157 

FI 57 

20 

2108 

43 

2.00a 

PLS159A 

FI 59 

20 

2108 

43 

2.00a 

PLS167/167A 

FI 67 

24 

3361 

48 

2.00a 

PLS168/168A 

FI 68 

24 

3553 

48 

2.10a 

PLS173 

FI 73 

24 

2178 

42 

2.15a 

PLS179 

FI 79 

24 

2452 

43 

3.0a 

PLUS105-45/-55 

FI 05 

28 

3553 

48 

3.0a 

PLUS153B/D/-10 

FI 53 

20 

1842 

42 

2.15a 

PLUS16L8D/-7 

F16L8 

20 

2048 

64 

1.01a 

PLUS16R4D/-7 

P16R4 

20 

2048 

64 

1.01a 

PLUS16R6D/-7 

P16R6 

20 

2048 

64 

1.01a 

PLUS16R8D/-7 

P16R8 

20 

2048 

64 

1.01a 

PLUS173B/D/-10 

PI 73 

24 

2178 

42 

2.10a 

PLUS20L8D/-7 

P20L8 

24 

2560 

64 

2.00a 

PLUS20R4D/-7 

P20R4 

24 

2560 

64 

2.00a 

PLUS20R6D/-7 

P20R6 

24 

2560 

64 

2.00a 

PLUS20R8D/-7 

P20R8 

24 

2560 

64 

2.00a 

PLUS405 

F405 

28 

5410 

64 

3.0a 

PL22V10 

P22V10 

24 

5828 

130 

2.11a 
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Third-party software support 


PLDesigner 

Mine, Incorporated 
6755 Earl Drive 
Colorado Springs, CO 80918 
Telephone: (719) 590-1155 


PART NUMBER 

TEMPLATE NAME 

TECHNOLOGY 

PACKAGES 

REVISION 

PLS100 

A100 

TTL 

DIP/PLCC 

2.1 

PLS101 

A100 

TTL 

DIP/PLCC 

2.1 

PLS153/153A 

A153 

TTL 

DIP/PLCC 

2.1 

PLUS153 

A153 

TTL 

DIP/PLCC 

2.1 

PLS173 

A173 

TTL 

DIP/PLCC 

2.1 

PLUS173 

A173 

TTL 

DIP/PLCC 

2.1 

10020EV8-4 

P20EV8 

ECL 

CDIP/PLCC 

2.1 

10H20EV8-4 

P20EV8 

ECL 

CDIP/PLCC 

2.1 

PLUS16L8 

P16L8 

TTL 

DIP/PLCC 

2.1 

PHD16N8-5 

P16N8 

TTL 

DIP/PLCC 

2.1 

PLUS16R4 

P16R4 

TTL 

DIP/PLCC 

2.1 

PLUS16R6 

P16R6 

TTL 

DIP/PLCC 

2.1 

PLUS16R8 

P16R8 

TTL 

DIP/PLCC 

2.1 

PLC18V8Z35 

P18V8S 

CMOS 

DIP/CDIP/PLCC 

2.1 

PLUS20L8 

P20L8 

TTL 

DIP/PLCC 

2.1 

PLUS20R4 

P20R4 

TTL 

DIP/PLCC 

2.1 

PLUS20R6 

P20R6 

TTL 

DIP/PLCC 

2.1 

PLUS20R8 

P20R8 

TTL 

DIP/PLCC 

2.1 

PL22V10 

P22V10 

CMOS 

DIP/PLCC 

30 

PLS105/105A 

S105 

TTL 

DIP/PLCC 

2.1 

PLUS105 

S105 

TTL 

DIP/PLCC 

3.0 

PLS155 

S155 

TTL 

DIP/PLCC 

2.1 

PLS157 

S157 

TTL 

DIP/PLCC 

2.1 

PLS159A 

SI 59 

TTL 

DIP/PLCC 

2.1 

PLS167/167A 

S167 

TTL 

DIP/PLCC 

2.1 

PLS168/168A 

S168 

TTL 

DIP/PLCC 

2.1 

PLS179 

SI 79 

TTL 

DIP/PLCC 

2.1 

PLUS405 

S405 

TTL 

DIP/PLCC 

2.1 

PLC415 

S415 

CMOS 

DIP/CDIP/PLCC 

2.1 
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PLD software vendors contact guide 


PRODUCT 

LOCATION 

CONTACT 

NUMBER 

'Philips Semiconductors 

SNAP 

811 E. Arques Avenue 

Sunnyvale, CA 94088 

(800) 451-6644 

Bulletin board # 

ACUGEN 

Software, Inc. 

ATGEN 

427-3 Amherst St., Ste. 391 

Nashua, NH 03063 

(603) 881-8821 

Data I/O 

ABEL 

10525 Willow Rd„ N.E. 

Redmond, WA 98073-9746 

(800) 247-5700 

Logical Devices 

CUPL 

1201 N.W. 65th Place 

Ft. Lauderdale, FL 33309 

(800) EE1-PROM 

Daisy/Cadnetix 

PLD Master 

5775 Flatiron Parkway 

Boulder, CO 80301 

(303) 444-8075 

MINC 

PLD Designer 

6755 Earl Drive 

Colorado Springs, CO 80918 

Michael O. Watry 
(719) 590-1155 

Mentor Graphics Corp. 

PLD Synthesis 

8500 S.W. Creekside Place 

Beaverton, OR 97005 

(503) 626-7000 

OrCAD Systems 
ORCAD/PLD 

1049 S.W. Baseline St., 

Suite 500 

Hillsboro, OR 97123 

(503) 640-9488 

ISDATA LOG/ic 

ISDATA GmbH 

Daimlerstr. 51 

D-7500 Karlsruhe 21 

Germany 

Tel: +49-721-751087 

Fax: +49-721-752634 

Logic Automation 

19500 N.W. Gibbs Drive 

P.O. Box 310 

Beaverton, OR 87075 

(503) 690-6900 


* The SNAP phone number connects to the SPG bulletin board. Compatible with 1200/2400 baud modems, messages can be left, problem 
files uploaded, and solution files downloaded. 
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Philips Semiconductors Programmable Logic Devices 


PAL devices 


INTRODUCTION 

Philips Semiconductors provides 
state-of-the-art industry standard PAL® 
devices, both bipolar and CMOS. The range 
of offers spans the entire gamut of 
performance options; zero-standby power 
generic devices specified over the 
commercial, industrial and military 
temperature ranges, or the ultimate in high 
speed, an ECL compatible 20EV8 device. 
Almost every option in between is also 
offered. 

The PAL architecture consists of a 
programmable AND array, followed by a fixed 
OR array as shown in Figure 1 . The 
somewhat rigid architecture lends itself to 
less complex, narrower logic functions. There 
are three basic PAL-type device 
configurations. The XXL8 devices are strictly 
combinatorial. The XXRX series offers a 


range of registered and combinatorial 
outputs. 

The XXV8 series is considered to be generic 
in nature, in that the output macros are 
variable (hence the “V”) as combinatorial or 
registered. Most frequent applications include 
counters and shifters (the RX series), and 
small decoders and multiplexers (the L8 
series). 

The 22V10 is a popular PLD architecture. 
Philips Semiconductors offers both CMOS 
and BiCMOS versions of this device. The 
PL22V10 is an electrically erasable CMOS 
implementation. The PLQ22V10 is a 
low-noise, high-speed BiCMOS version with 
additional improved circuit characteristics. 

In addition to the standard devices just 
described, Philips Semiconductors also offers 
devices tailored for specific applications. The 
PHD48N22 is an expanded high-speed 


PAL-type architecture device, with up to 48 
inputs, 22 outputs and a 7.5ns propagation 
delay, it is optimized for very wide decoding 
applications. Another decoder, the PHD16N8 
is optimized for decoding speed by removing 
the OR array. 

If you are designing using ECL, Philips 
Semiconductors offers the 
10H20EV8/10020EV8. This device provides 
8 outputs which may be individually 
configured for registered or combinatorial 
operation. It also features ultra high-speed 
operation with a tpo of 4.5ns and a f^AX of 
108MHz. An application note in this section 
demonstrates how to implement various 
circuits in a 20EV8 device. 

Industry standard software can be used with 
Philips Semiconductors PAL-type devices. 
Full support is also provided via the Philips 
Semiconductors SNAP Design software. 


10 

n 

12 

13 

14 

15 







k f 








k ^ 

k f 


PROGRAMMABLE 
> AND 

ARRAY 




7 1 



n 

1 

7 


7 




> V 
\ / 

) V 

* 




) ^ 




7 1 

7 1 






> s 

! 

3 









t L 






t — v 











* V 

/ V 















' s 

) ' 

















) v| 


/ V 


/ V 








) V 







' V 


/ k 












3 s 



3 s 




\ r 1 










J s 



/ V 




; S 






/ V 

■s f 







/ \ 




/ N 

, r 






LJ 







’ V 




LJ 

LJ 

„ 

FIXED 

CONNECTION 
OR < 

ARRAY 

K) £ 

[ 

2 

2 

2 

2 

2 

2 

3! 

2 

2 

2 

2 

2 

2 

2 

2 


















) J 00 

oi 

















) j 01 

y-v. o° 

















J 7 







Figu 

e 1. 

PAL 

Archi 

tectu 

re 






) j J 03 


<3>PAL is a registered trademark of Advanced Micro Devices, Inc. 


October 1993 


537 







Philips Semiconductors Programmable Logic Devices 


PAL devices 


The PLUS16L8D and -7 

The PLUS16L8D and -7 PAL-type devices 
are functionally identical to other 
commercially available 16L8 PAL ICs. 

Figure 2 shows an extremely simplified 
version. Less flexible than a PLA, the 
PLUS16L8D/-7 provides raw speed and 
current drive so important for driving SRAM 
arrays on RISC processors or the 
control/data lines on rapid bus structures. 

The PLUS16L8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpD of the -7 is 7.5ns. 24mA output drive is 
guaranteed. 

The PLUS16L8D/-7 have seven product 
terms per OR function and one per 3-State 
control. Six of the eight outputs can be 
configured as inputs or outputs. The 
PLUS16L8D/-7 are available in 20-pin plastic 
DIL or 20-pin PLCC packages. 




plusi6L8d 








•o 

' 

1 


* 

Vcc 

h 

E 





07 

'2 

E 



— 


86 

13 

E 


AND 

— » H 


85 

14 

E 


OR 

ARRAY 

— *h- 


b 4 

15 

E 



— 


83 

>6 

E 



£°-t- 


82 

i? 

E 



-hH 


Bl 

>8 

E 



D^° — 


Oo 

GND 

0 

1 

: igure 2. PLUS16L8 (D and -7 


19 


October 1 993 


538 






Philips Semiconductors Programmable Logic Devices 


PAL devices 


The PLUS16R8D and -7 

The PLUS16R8D and -7, like the 
PLUS16L8D and -7 is identical to other 
manufacturers' registered PAL devices. The 
parts have eight inputs, eight outputs, and 
eight D-flip-fiops. Each flip-flop feeds an 
output pin through a 3-State buffer. The 
output of each D-flip-flop, O, is also fed back 
to the AND array. Each output is capable of 
driving 24mA I 0 l max, with all ouputs 
simultaneously asserted. 

The PLUS16R8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpo of the -7 is 7.5ns. The PLUS16R8D and 
-7 are available in 20-pin plastic DIP and 
20-pin PLCC. 
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PAL devices 


The PLUS20L8D and -7 

The PLUS20L8D and -7 devices have 14 
inputs, two dedicated outputs and six 
bidirectionals. The tp D are 10ns max and 
7.5ns max, respectively. The 24mA of output 
low current of these devices can drive 
capacitive address line inputs and pc-board 
traces through long layouts. This makes the 
particularly suitable for driving SRAM, video 
DRAM, and FAST dynamic RAM arrays in 
32-bit microprocessor environments. 

Identical to other commercially available 20L8 
PAL devices, the PLUS20L8D and -7 have 
56 functional product terms which are 
hard-wired to eight OR gates. Each OR gate 
drives an Active-Low output. The 3-State 
control of each output is from a dedicated 
AND product term. 

The worst-case propagation delays for the 
PLUS20L8D and 20L8-7 are 10ns and 7.5ns, 
respectively. 
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PAL devices 



The PLUS20R8D and -7 

The PLUS20R8D and -7 are 24-pin versions 
of the 16R8 PAL device. With propagation 
delays of 10ns and 7.5ns max, the parts 
deliver 24mA of output low current drive. 

Eight D-flip-flops share a common clock and 
output enable line. The output of each flip-flop 
is dedicated to a separate output pin and is 
also fed back to the AND array. 

The PLUS20R8D and -7 are available in 
24-pin plastic DIL and 28-pin PLCC. 


The PLC18V8Z 

The PLC18V8Z is a multi-function, generic 
PAL-type device. It is pin-compatible with, 
and can replace 22 different 20-pin registered 
and combinatorial PAL devices. To 
accomplish this, the conventional 'single 
function' output pin has been replaced by a 
configurable Output Macro Cell. Each Macro 
Cell contains a D-flip-flop or a combinatorial 
I/O path. Output polarity and 3-State control 
functions are also individually configurable. 


Each OMC is fed by nine AND product terms, 
which are hard-wired in the classic PAL 
fashion. 

One of the key features of the part is its 
ability to sink 24 milliamps Iol. compatible 
with other bipolar PAL devices — yet still 
comply with internal CMOS circuitry. The UV 
erasable version is available in 20-pin 
ceramic DIL with a quartz window. 
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Application Note 


10H/1 0020EV8 high-speed (4.4ns) ECL PLD 


AN043 


INTRODUCTION 

ECL designers have never had enough chips 
to complete high performance designs. 
Period. The TTL and CMOS designers 
always had full MSI and LSI catalogs to rely 
on, and the ECL guys only had a handful of 
chips, to solve the hardest technological 
problems yet! But, that's all changed with the 
introduction of the Philips Semiconductors 
PAL™ 20EV8. Here's how. 

Philips Semiconductors 10H/10020EV8 PAL 
devices are two 24-pin PLDs which can be 
configured to perform a whole catalog of 


parts in just two ICs. Whether you need to do 
simple decoding, multiplexing, counting, 
shifting or form complex state machines, 
these extraordinary parts can do it all. You 
can think of them as equivalents to these 
valuable functions, or as an empty canvas to 
paint your own catalog on. Don't be frustrated 
by the nonavailable entries in your ECL 
catalog, go ahead and roll your own! 

Designers don’t have time to read lengthy 
application notes, so this one was created to 
show you exactly how to make the basic 


functions you'll probably need. First, there is 
a single page description of the parts. Then, 
there is a series of four application briefs 
showing the exact equations, pinning, internal 
resource usage and simulation files for the 
basic mux, decoder, shifter and counter. 
These design files are created using Philips 
Semiconductors SNAP and SLICE syntax, 
which is simple: *=AND, +=OFt and 
/=INVEF)T. These products are also 
supported on Data I/O ABEL™, which has a 
similar syntax. 


SNAP RESOURCE SUMMARY DESIGNATIONS 



PAL is a registered trademark of Advanced Micro Devices. 
ABEL is a trademark of Data I/O Corporation. 
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10H/10020EV8 high-speed (4.4ns) ECL PLD 
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Philips Semiconductors Programmable Logic Devices 

Application Note 

10H/10020EV8 high-speed (4.4ns) ECL PLD 

AN043 


Design Brief #1 : Three-To-Eight Decoder Using SNAP/SLICE 

@P INLIST DESIGN FROM DECODE. N2 FOR 

AO I; A1 I; A2 I; 

OOTO 0;0UT1 0;0UT2 0;OUT3 0;0UT4 
0;0UT5 0;OUT6 0;0UT 7 0; 

@ GROUPS 
0TRUTHTABLE 
@ LOGIC EQUATIONS 
OUTO =/ ( /A2* /Al* /AO); 

0UT1 =/ ( /A2* /Al* AO) ; 

0UT2 =/ ( /A2* Al* /AO) ; 

0UT3 =/ ( /A2* Al* AO) ; 

OUT 4 =/ ( A2* /Al* /AO) ; 

0UT5 =/ ( A2* /Al* AO) ; 

OUT 6 =/ ( A2* Al* /AO) ; 

OUT 7 =/ ( A2* Al* AO) ; 

0 INPUT VECTORS 
©OUTPUT VECTORS 
©STATE VECTORS 
@ TRANS IT IONS 


Design Brief #1 : Three-To-Eight Decoder Using ABEL 


module_decode ; 

decode device 'ec20ev8a' ; 

a0,al,a2 pin 1,2,9; 

outO, outl, out2, out3 pin 4, 5,7,8; 
out4, out5, out6, out 7 pin 17,18,20,21 

inputs = [a2,al,a0]; 

H,L = 1, 0; 

equations 

outO = ! ( input s==0) ; 

outl = ! ( input s==l) ; 

out 2 = ! ( input s==2) ; 

out 3 = ! ( input s==3 ) ; 

out 4 = ! ( input s==4) ; 

out 5 = ! ( input s==5); 

out6 = ! (inputs==6) ; 
out 7 = ! ( input s==7) ; 

test vectors 

( [inputs ] [outO , outl , out2, out3 

[ 0 ] ► [ L , H , H , H 

[ 1 ] [ H , L , H , H 

[ 2 ] ► [ H , H , L , H 

[ 3 ] ► [ H , H , H , L 

[ 4 ] ► [ H , H , H , H 

[ 5 ] ► [ H , H , H , H 

[ 6 ] ► [ H , H , H , H 

[ 7 ] ► [ H , H , H , H 

[ 0 ] ► [ L , H , H , H 

end 


, out4 , out5 ,out6 , out7 ]) 
, H , H , H , H ] ; 

, H , H , H , H ] ; 

, H , H , H , H ]; 

, H , H , H , H ] ; 

, L , H , H , H ] ; 

, H , L , H , H ] ; 

, H , H , L , H ] ; 

, H , H , H , L ] ; 

, H , H , H , H ] ; 


PIN FILE DEVICE 1 0X20EV8 


Cell Name 

Used/Total 

% 

CKEV8 

0 

/ 

1 

0% 

DINEV8 

3 

/ 

28 

10% 

NINEV8 

3 

/ 

28 

10% 

AND 

16 

/ 

90 

17% 

OR 

8 

/ 

8 

100% 

OLMDIR 

8 

/ 

8 

100% 

OLMINV 

0 

/ 

8 

0% 

OLMREG 

0 

/ 

8 

0% 

DFFEV8 

0 

/ 

8 

0% 

0UTEV8 

8 

/ 

8 

100% 
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Design Brief #2: Dual Four-to-One MUX with SNAP/SLICE 

@P INLIST 

AO I;A1 I; BO I;B1 I;CO I;C1 I;D0 I;D1 I;SEL I; 

OOTO 0;0UT1 0;0UT2 O;O0T3 O;O0T4 O;O0T5 0;OUT6 0;0UT 7 O; 
©GROUPS 
0 TRUTHTABLE 
@ LOGIC EQUATIONS 


OUTO = 

A0*SEL 

+ 

A1*/SEL; 

"MUX AO-DO ON SEL, Al-Dl ON /SEL 

OUT1 = 

BO*SEL 

+ 

B1*/SEL; 


OUT 2 = 

C0*SEL 

+ 

C1*/SEL; 


OUT3 = 

D0*SEL 

+ 

D1*/SEL; 


OUT4 = 

A1*SEL 

+ 

AO*/SEL; 

"DATA SWAP FROM ABOVE METHOD" 

OUT5 = 

B1*SEL 

+ 

B0*/SEL; 


OUT 6 = 

C1*SEL 

+ 

C0*/SEL; 


OUT 7 = 

D1*SEL 

+ 

DO*/SEL; 



©INPUT VECTORS 
©OUTPUT VECTORS 
©STATE VECTORS 
©TRANSITIONS 


PIN FILE 


Device 

= 

0X2OEV8 

Pinl 

= 

AO 

Pin2 

= 

A1 

Pin4 

= 

OUTO 

PinS 

= 

OUT1 

Pin7 

= 

OUT2 

Pin8 

= 

OUT3 

Pin9 

= 

BO 

PinlO 

= 

B1 

Pinll 

= 

CO 

■ Pinl3 

= 

Cl 

Pinl4 

= 

DO 

Pinl5 

= 

D1 

Pinl6 

= 

SEL 

Pinl7 

- 

OUT4 

Pinl8 

= 

OUT5 

Pin20 

= 

OUT6 

Pin21 

= 

OUT7 


DESIGN FROM MUX.N2 FOR 
DEVICE 10X20EV8 


Cell Name 

Used/Total 

% 

CKEV8 

0 

/ 

1 

0% 

DINEV8 

9 

/ 

28 

32% 

NINEV8 

1 

/ 

28 

3% 

AND 

24 

/ 

90 

26% 

OR 

8 

/ 

8 

100% 

OLMDIR 

0 

/ 

8 

0% 

OLMINV 

8 

/ 

8 

100% 

OLMREG 

0 

/ 

8 

0% 

DFFEV8 

0 

/ 

8 

0% 

OUTEV8 

8 

/ 

8 

100% 
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Design Brief #2: Dual Four-to-One MUX Using ABEL 

module_mux; 

mux device 'ec20ev8a' ; 

sel pin 16; 

aO, bO, cO .dO pin 1, 9, 11, 14; 

al,bl,cl,dl pin 2,10,13,15; 

outO, outl, out2, out3 pin 4, 5, 7, 8; 

out4, out5, out6, out 7 pin 17,18,20,21; 


"mux aO-dO to out0-out3 on sel==l 
"mux al-dl to out4-out7 on sel==l 
"mux aO-dO to out4-out7 on sel==0 
"mux al-dl to out0-out3 on sel==0 

outl = [outO . . out3] ; 
outh = [out4 . . out7] ; 
ini = [a0,b0, cO, dO] ; 
inh = [al,bl, cl, dl] ; 


equations 

when (sel==l) then outl=inl; 
when (sel==l) then outh=inh; 
when (sel==0) then outl=inh; 
when (sel==0> then outh=inl; 

test_vectors 

( [sel, ini, inh ] [outl, outh] ) ; 

[1, ^0 , A hf ] ► [^0 , A hf] ; 

[1, ''ha ,*115 ] ► [^a , *h5], 

[0, *h0 ,*hf ] ► [''hO , *hf], 

[0, *ha ,*h5 ] ► [''ha , *h5], 

[1, *111 ,^8 ] ► ['Yl , A h8]; 

end 
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Design Brief #3: 8-bit Counter Using SNAP 


@P INLIST 

CLOCK I; RESET I; 

OUTO 0;OOTl O ; OUT2 0;OUT3 0;0UT4 0;0UT5 0;0UT6 0;0UT 7 O; 

gGROUPS 

g TRUTHTABLE 

gLOGIC EQUATIONS 

OUTO .D = /OUTO; 

OUT1.D = /OUTO*OUT1 

+ OUTO*/OUT1; 

OUT2.D = /OUT2*OUT1*OUTO 

+ OUT2* (/OUT1 + /OUTO) ; 

OUT3.D = /OUT3 *OUT2 *OUT 1 *OUT 0 

+ OUT3* (/OUT2 + /OUT1 + /OUTO) ; 

OUT 4 . D = /OUT4*OUT3*OUT2*OUT1*OUTO 

+ OUT4* (/OUT3 + /OUT2 + /OUT1 + /OUTO) ; 

OUT5.D = /OUT5*OUT4*OUT3*OUT2*OUT1*OUTO 

+ OUT5* (/OUT 4 + /OUT3 + /OUT2 + /OUT1 + /OUTO) ; 

OUT 6 .D = /OUT6*OUT5*OUT4*OUT3*OUT2*OUT1*OUTO 

+ OUT6* (/OUT5 + /OUT 4 + /OUT3 + /OUT2 + /OUT1 + /OUTO); 

OUT7.D = /OUT7*OUT6*OUT5*OUT4*OUT3*OUT2*OUT1*OUTO 

+ OUT7* (/OUT6 + /OUT 5 + /OUT4 + /OUT3 + /OUT2 + /OUT1 + /OUTO) 
OUTO.CLK = CLOCK; OUT1.CLK = CLOCK; OUT2 . CLK = CLOCK; OUT3 . CLK = CLOCK; 

OUT4.CLK = CLOCK ;OUT5. CLK = CLOCK; OUT 6 .CLK = CLOCK; OUT7 . CLK = CLOCK; 

OUTO.RST = RESET ;OUTl.RST = RESET ; OUT2 .RST = RESET ; OUT3 .RST = RESET; 

OUT4.RST = RESET ;OUT5 .RST = RESET ;OUT6 .RST = RESET ;OUT7 .RST = RESET; 

g INPUT VECTORS 
gOUTPUT VECTORS 
gSTATE VECTORS 
g TRANSIT IONS 


PIN FILE 


Device 

= 

0X20EV8 

Pinl 

= 

RESET 

Pin3 

= 

CLOCK 

P in4 

= 

OUTO 

P in5 

= 

OUT5 

Pin7 

= 

OUT7 

Pin8 

= 

OUT3 

P i n 1 7 

= 

OUT4 

Pinl8 

- 

OUT1 

Pin20 

= 

OUT6 

Pin21 

= 

0UT2 


DESIGN FROM COUNTER. N2 
FOR DEVICE 10X20EV8 


Cell Name 

Used/Total 

% 

CKEV8 

1 

/ 

1 

100% 

DINEV8 

8 

/ 

28 

28% 

NINEV8 

9 

/ 

28 

32% 

AND 

45 

/ 

90 

50% 

OR 

8 

/ 

8 

100% 

OLMDIR 

0 

/ 

8 

0% 

OLMINV 

0 

/ 

8 

0% 

OLMREG 

8 

/ 

8 

100% 

DFFEV8 

8 

/ 

8 

100% 

OUTEV8 

8 

/ 

8 

100% 
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Design Brief #3: 8-bit Counter Using SNAP (continued) 


Output of Waveform 

Version 1.80 

Date: 01/20/92 

Time: 17:26:48 

Input File Name 

: COUNTER. SCL 

Rule File Name : 

Scl Rule 

Output File Name 

: COUNTER. SCL 


P RESET, CLOCK, OUTO, OUT1, OUT2, OOT3, OUT4, OUT5, OUT6, OUT7 
PCO 

S 0 (40) RESET 
S 0 (7,14, ETC) CLOCK 
SU time = 5220 
F 


File: counter. res 

(Model) 


Delay = 0ns 


Marker = 0ns 


Sec/Div = 20ns 


^ui_ruu~mnR^nnji_Jui_nnji 


CLOCK 
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Design Brief #3: 8-bit Counter Using ABEL 

module count ; 

countb device 'ec20ev8a' ; 

clock, reset pin 3,1; 

outO, outl, out2, out3 pin 4,18,21,8; 

out4, out5, out6, out 7 pin 17,5,20,7; 


count = [out 7 . . outO] ; 
H, L, C = [1,0, .C.; 


equations 

count := count + 1; 
count. ar = (reset; 

test_vectors 
( [clock , reset ] 

[ L , L ] ► 

[ C , L ] ► 

[ C , H ] ► 

[ C ,H ] ► 

[ C ,H ] ► 

[ C , H ] ► 

[ C , H ] ► 

[ C , H ] ► 

[ C , H ] ► 

[ C ,H ] ► 

[ C ,H } ► 

[ C , H ] ► 

[ C , H ] ► 

[ C , H J ► 

[ C ,L ] ► 


end 


count) ; 

0 ; 

0 ; 

1 ; 

2 ; 

3; 

4; 

5; 

6 ; 

7; 

8 ; 

9; 

10 ; 

ii; 

12 ; 

0 ; 
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Design Brief #4: Octal Shifter Using SNAP 


@P INLIST 

CLOCK I; DAT IN I; RESET I; 

OUTO 0;0UT1 0;0UT2 0;0UT3 0;0UT4 0;0UT5 0;OUT6 0;0UT 7 O; 
8GROUPS 
0TRUTHTABLE 
0 LOGIC EQUATIONS 
OUTO .D = 

OUT1.D = 

OUT2.D = 

OUT3.D = 

OUT4.D = 

OUT5.D = 

OUT 6 . D = 

OUT7.D = 

OUTO.CLK 
OUT4.CLK 
OUTO.RST 
OUT4.RST 
8 INPUT VECTORS 
SOUTPUT VECTORS 
8 STATE VECTORS 
@ TRANS IT IONS 


DATIN; 

OUTO ; 

OUT1; 

OUT2; 

OUT3 ; 

OUT4; 

OUT5 ; 

OUT 6; 

CLOCK; OUT1.CLK = CLOCK; OUT 2 .CLK 
CLOCK; OUT5.CLK = CLOCK; OUT 6 .CLK 
RESET ;OUTl.RST = RESET; OUT2 .RST 
RESET ;OUT5.RST = RESET ;OUT6 .RST 


CLOCK ;OUT3 .CLK 
CLOCK; OUT7 .CLK 
RESET ;OUT3 .RST 
RESET ;OUT7. RST 


CLOCK ; 
CLOCK; 
RESET; 
RESET; 


PIN FILE 


Device 

= 

0X20EV8 

P ini 

= 

RESET 

P in2 

= 

DATIN 

P in3 

= 

CLOCK 

P in4 

= 

OUTO 

Pin5 

= 

OUT1 

Pin7 

= 

OUT2 

Pin8 

= 

OUT3 

Pinl7 

= 

OUT4 

Pinl8 

“ 

OUT5 

Pin20 

= 

OUT6 

Pin21 


OUT7 


DESIGN FROM SHIFTER.N2 FOR 
DEVICE 10X20EV8 


Cell Name 

Used/Total 

% 

CKEV8 

1 

/ 

1 

100% 

DINEV8 

1 

/ 

28 

3% 

NINEV8 

8 

/ 

CO 

28% 

AND 

17 

/ 

90 

18% 

OR 

8 

/ 

8 

100% 

OLMDIR 

0 

/ 

8 

0% 

OLMINV 

0 

/ 

8 

0% 

OLMREG 

8 

/ 

8 

100% 

DFFEV8 

8 

/ 

8 

100% 

OUTEV8 

8 

/ 

8 

100% 


October 1993 


550 
















































Philips Semiconductors Programmable Logic Devices 


Application Note 


10H/10020EV8 high-speed (4.4ns) ECL PLD 


AN043 


Design Brief #4: Octal Shifter using SNAP (continued) 


Output of Waveform 

Version 1.80 

Date: 01/20/92 

Time: 17:15:42 

Input File Name 

: SHIFTER. SCL 

Rule File Name : 

Scl Rule 

Output File Name 

: SHIFTER. SCL 


P RESET, DATIN, CLOCK, ODTO, OUT1, OUT2, OUT3, OUT4, OUT5, # OUT6, OUT7 
PCO 

S 0 (80) RESET 
S 0 (40,220,1640) DATIN 
S 0 (100, 200, ETC) CLOCK 
S 1 (5880) VCC 
S 0 (5880) GND 
SU time = 5880 
F 


File: shifter. res Delay = 0ns Marker = 0ns Sec/Div = 100ns 

(Model) 



PHILIPS ® 1992 WFA 1.80 MODE =1 FI : HELP, F10 : EXIT 
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Design Brief #4: Octal Shifter Using ABEL 

module_shif t ; 

shifter device 'ec20ev8a' ; 

clock, reset, datain pin 3,1,2; 

outO, outl,out2, out3 pin 4, 5,7,8; 

out 4, out 5 , out 6, out 7 pin 17,18,20,21; 

output = [out 7 . .outO] ; 

H,L,C = [1,0, .C.; 


output istype 'buffer' ; 


equations 
outO.d = datain; 
outl.d = outO; 
out2.d = outl; 
out3.d = out2; 
out4.d = out3; 
out5.d = out4; 
out6.d = out5; 
out7.d = out6; 

[output] .ar = ! reset ; 
test_vectors 

( [clock, reset, datain ] ► [outO 

[0,0,0 ] ► [ L 

[ C , 0 , 1 ] ► [ L 

[ C , 1 , 1 ] ► [ H 

[ C , 1 , 0 ] ► [ L 

[ C , 1 , 1 ] ► [ H 

[ C , 1 , 0 ] ► [ L 

[ C , 1 , 1 ] ► [ H 

[ C , 1 , 0 ] ► [ L 

[ C , 1 , 1 ] ► [ H 

[ C , 1 , 0 ] ► [ L 

t C , 0 , 1 ] ► [L,L,L,L,L,L , L , L ]; 

[ C , 1 , 1 ] — ► [H,L,L,L,L,L , L ,L ] ; 

[ C , 1 , 1 ] ► [H,H,L,L,L,L , L ,L ]; 

[ c , 1 , 1 ] ► [H,H,H,L,L,L ,L ,L ]; 

[ C , 1 , 1 ] ► [H,H,H,H,L,L , L ,L ]; 

[ C , 1 , 1 ] ► [H,H,H,H,H,L ,L ,L ] ; 

[ C , 1 , 1 ] ► [H,H,H,H,H,H ,L ,L ]; 

[ C , 1 , 1 ] ► [H,H,H,H,H,H ,H ,L ]; 

[ C , 1 , 1 ] ► [H,H,H,H,H,H ,H ,H ]; 

[ c , 0 , 1 ] — ► [L,L,L,L,L,L ,L , L ]; 


end 


outl ,out2 , out3, out4, out5 ,out6 ,out7 


L , L , L , L 

L , L , L , L 

L , L , Xi , L 

H , L , L , L 

L , H , L , L 

H , L , H , L 

L , H , L , H 

H , L , H , L 

It , H , L , H 

H , L , H , L 


L , L , L ] ; 

L , L , L ] ; 

L , L , L ] ; 

L , L , L ] ; 

I* , L , L ] ; 

I* , L , L ] ; 

L , L , L ] ; 

H , L , L ] ; 

L , H , L ] ; 

H , L , H ] ; 


October 1 993 


552 





Philips Semiconductors Programmable Logic Devices 


Application Note 


PHD48N22 high speed (7.5ns) 
32-bit programmable decoder 


AN031 


INTRODUCTION 

Performance specifications for PLDs usually 
include simple parameters like tpo and f M Ax- 
These values oversimplify PLD performance. 
Specifying the reaction time for an output pin 
to an input signal (tpo) is important, but t P o 
doesn't tell the whole story. Similarly, the 
flip flop f MA x shows only the maximum upper 
limit toggle rate. Neither number tells whether 
the PLD can even solve the problem at hand. 
To get that answer, the designer has to go 
beyond these simple parameters and 
investigate the design's exact needs. 


THE DECODE PROBLEM 

A recent computer architecture book 
(Hennesy and Patterson) shows several 
guidelines for fast processor design. These 
principles are commonly associated with 
RISC processors. 

The primary guideline is simple: make the 
common case fast. For microprocessors, this 
means make the basic machine cycle as fast 
as possible. Since the basic cycle is repeated 
continuously, it defines nearly 100% of what 
the processor is doing. 

Trimming time off the basic instruction cycle 
results in the single highest payoff. This is 
simple, right? Take the instruction cycle to 
zero wait states and the problem is solved. 
The problem more often yields to a quicker, 
universal solution - money! Put the fastest 
possible high speed memory into the 
processor - memory loop and the design is 
done. Naturally, there are always competitors 
who try to make the same design for less 
cost. All designers must find trade-offs giving 
maximum speed for minimum cost. 

Getting a zero wait state solution for the 
lowest cost is the goal. Naturally, the 
cheapest solution is also the slowest one. For 
this problem, the designer must use the 
slowest memory devices that meet the zero 
wait state goal. We'll focus simply on that 
goal. It gets more interesting if some 
transactions can be done with one or two wait 
states while others require zero. 


SOLVING THE PROBLEM 

What must be done? When the processor 
emits its address and control signals, the 
memory space should not respond until 
specific modules have been explicitly 
selected. This is the basic problem of fast 
address decode. 

Address decode has several dimensions: 
speed, resolution and current drive. Speed is 


obvious: it is the simple tpo of the part - with 
the output reacting in the low direction to 
drive a RAM chip enable. Secondary issues 
include switching edge rates, reflections and 
contention. Current drive is the next important 
dimension because most small systems need 
at least 24mA (Iol) to drive an array of chip 
enables, and pc board traces. The resolution 
dimension is the most interesting for the 
following reasons. 

Today's high performance microprocessors 
have 32 address bits, along with several 
status and control bits. Careful decode may 
require as many as 36 or more distinct inputs 
to select bytes from the four gigabyte address 
space. In the past, it was acceptable to waste 
whole memory sections if chip decodes 
couldn’t pack memory tightly. I/O regions 
were mapped into the memory space, leaving 
address gaps. Alternately, I/O device 
addresses would have repeated response 
regions in memory. Both solutions are less 
than desirable. 

This arrangement contradicts today's 
prevailing design philosophy. Tight, 
contiguous memory regions are now 
desirable, while maintaining design freedom. 
Most software developers also resent giving 
up any memory space due to poor hardware 
design. 

How fast does address decode have to be? 
Today, 33MHz and 50MHz processors are 
being shipped. This sets memory cycles at 33 
and 20 nanoseconds, respectively. To get 
zero wait states Fast cache (at 20ns or less) 
is needed. Fast cache cost rises dramatically 
with 5ns speed increments. Suppose a 25ns 
cache were used on a 33ns cycle time. This 
leaves 8ns to decode and drive signal 
capacitance. For this analysis, we'll assume 
no line ringing or other electrical 
phenomenon. A decode propagation delay 
time below 7ns is needed. 

To solve this decoding problem, a new PLD - 
the PHD48N22 - has been developed with a 
minimal tpo and an adequate current drive. 
The PHD48N22 I/O structure (Figure 1) is its 
main strength. As the name implies, the 
PHD48N22 combines the potential for 48 
inputs with 22 outputs. Combining high-speed 
configurable NAND gates with a PAL® 
architecture, the PHD48N22 is dual 
optimized. It easily handles high speed 
SRAMs, EPROMs, DRAMs and I/O. 

By decoding 32 bits of address lines and 
several control lines, the PHD48N22 
distinguishes reads from writes and I/O from 
memory to a byte level of resolution. This 
meets the needs of any system today. If the 


22 outputs are not enough, another 
PHD48N22 can be added, to complete the 
system decode. Let's describe the part, 
showing some of its less obvious capabilities. 


A LOOK INSIDE THE PHD48N22 

Figure 1 is a logic diagram of the PHD48N22. 
It reveals three distinct logic regions, all 
connected to the main programming array. 
First, there are 18 AND gates, then there are 
three seven-input PAL sites and one 1 2-input 
PAL site. The speed of the paths which follow 
an input pin to an AND gate, inverter and 
output pin is shown in Figure 2 as solid dots. 
The speed path passing through the PAL 
sites is shown as hollow dots. 

The number of outputs driven versus tpo is 
also shown in Figure 2. The address decode 
function often needs only one output selected 
at any point in time, so it makes sense to 
show the speed with only one output driven. 
One output driven is the fastest configuration 
and is also a common case. Pyramided 
solutions that stack gates in series are 
unacceptable for very fast decode. 

Note that the PHD48N22 outputs are 3-State 
controlled with logic gates programmable 
from the array. These 3-State, controlled 
outputs permit PHD48N22 outputs to be 
wire-ANDed together. 

Wire-ANDing permits two important benefits. 
First, the logic function through the 
programmable AND gates becomes the 
NAND-AND when two outputs are joined. 

This connection is logically equivalent to the 
AND-OR-INVERT. The AND-OR-INVERT is 
exactly the logic function made by the 
PAL16L8. Second, wire-ANDing the gates 
can double the output drive to 48mA if the 
outputs are enabled by the same control 
logic. This approach avoids feeding an output 
back into the array just to drive another 
output, or serial buffering. Serial buffering 
increases time delay. Alternately, drive 
current can be split from different output pins 
instead of wire-ANDing them. Current 
splitting also increases time delay, but much 
less so than serial buffering. 

For designers that are reluctant to use the 
wire-AND, some logic flexibility can occur at 
the four PAL sites. The usual 
sum-of-products can be made at these sites, 
and the speed is acceptable for memory 
decode. The PAL sites are somewhat slower 
than the high speed AND paths, and are ideal 
for controlling the processor wait line for I/O. 

The PAL site outputs can also be 3-State 
controlled so the logic function can expand if 


® PAL is a registered trademark of AMD. 
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needed. Any mix of the PAL sites and the 
high speed AND gates may be had at the 
output pins, but the designer should be aware 
that the final output function is limited to the 
wire AND. This means that any low driving 
output signal dominates at the pin, if its 
3-State enable is asserted. 

A very simple policy for the use of the AND 
terms is to put the same logic function on the 
3-State controlling term as is applied to the 
AND gates' logic inputs (Figure 3). Exotic 
enabling conditions can be made by using the 
seven input PAL sites to make and gate 
enable signals - wrapping around the part 
through the I/O pins. 

The gate resolution is variable up to 48 
inputs. Typically, designers will use 32 or 
fewer. Even with this, designers can resolve a 
single byte location out of a four gigabyte 
address space. Memory mapped I/O will no 
longer fragment an otherwise clean address 
space. It is possible to drop I/O registers 
(UAR/Ts, disks, etc.) right into the middle of a 
large memory space giving up no addresses 
except those needed for I/O select. 


BACK TO THE SYSTEM. . . 

A common practice today is to make memory 
and I/O devices shadow each other in the 
same address space. This is a cinch with the 
PHD48N22. 

The best address partitioning with the 
PHD48N22 is to simply use the fast AND 
paths to handle memory, and the PAL sites to 
handle I/O decode needs. The PAL sites can 
be used to control the wait line on the 
processor for slower decodes, handle 


interrupt input lines, DMA requests, or 
whatever. 


OTHER APPROACHES 

It makes sense to consider the other 
solutions. Let’s start with the way most 
designers have been solving the problem 
over the last few years. The most obvious 
way is fast PALs. Until recently, these parts 
offered the finest address resolution with as 
many as 21 inputs. This is the case with the 
22V10, configured as an address decoder. 

The number of 22V10 I/O pins leaves much 
to be desired, as well as the best case speed 
of 7.5ns. The output current drive is also low 
- between 12mA and 16mA depending on 
the manufacturer. Similarly, 5ns PAL devices 
of other varieties have the current drive and 
speed, but not enough inputs and outputs. 

Considering other parts optimized for fast 
decode, the TIBPAD-6 is such a simple 
programmable NAND circuit. This part is 
pinned compatible to the PAL16L8, and has 
the requisite current drive, but not enough 
input pins. The Philips Semiconductors 
PHD16N8 is pin compatible and faster with a 
tpo of 5ns. The PHD16N8 is the little sister of 
the PHD48N22. A logic diagram is shown in 
Figure 8. 

The Xilinx LCA 4000 offers four quick 
decoders at 10ns and up to 60 inputs. The 
speed is 10ns and the output current is only 
1 2mA. If the output current must be 
increased with an extra buffer, the horserace 
is lost. Paralleling output pins uses up pins 
very quickly. 


The Intel 85C508 offers a fast (7.5ns) 
registered comparator, but it again only 
provides 12mA of output current. None of 
these solutions offer a fully integrated system 
decoder in a single chip. 


MORE TRICKS 

The PHD48N22 can build up other functions 
than simple, fast address decoders. For 
instance, Figure 4 shows a 48N22 exploiting 
its input width working with a deep counter. 
When a decode value occurs on the counter 
outputs, the NAND gate generates a pulse to 
either reset or load the counter with a new 
value. 

Any value - from 1 to 16 bits (shown here) - 
can expand to 48 bits. 

Fancy latches can be built, or custom arbiters 
based on the configuration shown in Figure 5 
for multiple DMA contenders vying for 
selection. 

Other logic structures not needing the signal 
width are possible to build with a 48N22, if 
any pins and functions remains after its 
primary use is accomplished. Figure 6 shows 
a simple sum of logical products and Figure 7 
shows a multiplexer. Both require output 
signals fold back into the array and neither 
needs an external pull-up resistor. 

In conclusion, the most common way to use 
the 48N22 is in its intended configuration, as 
a very wide input high speed address 
decoder. Literally, any high performance 
microprocessor can be used with the 
PHD48N22 resulting in a fast, clean design. 
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OUT = AB + CD + EF 


Internal 
feedback 
can observe 
these points 
at output pins 


Figure 6. Two-level Sum of Products 


SELECT 1 
SELECT 2 



DMA 

SELECT 


Figure 5. Wide Input Latches 
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68030 ADDRESS DECODING 

Philips Semiconductors PHD48N22 decoder 
is not only very high speed but also has a 
very wide input structure. This combination 
allows high-performance systems to be 
constructed in a minimal space without 
sacrificing decoding resolution. The following 
example demonstrates the use of the 
PHD48N22 as well as the PHD16N8 in a 
33MHz 68030 system. 

This example uses one each 48N22 and 
16N8 PHD decoders to interface together a 
33MHz 68030 processor, 33MHz 68882 
Floating-Point Coprocessor, 128K bytes of 
35ns static RAM, 64K bytes of 200ns 
EPROM and a SCN2692 Dual port UART. 
Additional logic required amounts to only one 
16-pin and one 24-pin device. 


The schematic is shown in Figure with SNAP 
listings of the PHD devices in Figures and . 
As can be seen from the schematic, the 
PHD48N22 handles all of the RAM, PROM 
and DUART decoding. Notice the number of 
68030 address lines input into the 48N22: 

A31 through A8 and A1 and A0. Depending 
upon the application, the 48N22 can decode 
down to the byte level in 6.5ns. The 
PHD16N8 decodes an early chip-select 
signal for the 33MHz 68882 FPCP in less 
than the required 5ns. 

Accesses to the RAM produce an immediate 
acknowledge (DSACK) from the 48N22 to the 
68030, allowing it to run full speed in 
asynchronous mode. Since the EPROM and 
DUART operate at a much slower speed than 


the 68030, two additional devices, a 74F191 
counter and a 74F646 transceiver/register 
were used in this example. If either the 
EPROM or DUART are accessed, the 
counter will count CPU clock cycles and 
delay the 48N22’s assertion of DSACK 
signal. The F646 is used to quickly 3-State 
signals from the EPROM and DUART. Also, 
in conjunction with the counter and 48N22, a 
read of a DUART register first causes 
information to be read into a register of the 
’F646, which is then read by the 68030 while 
the DUART’s output is disabled. This was 
done since a DUART specification (tRWD) 
requires 200ns between reads or writes. 
Therefore, accesses to the DUART are 
controlled by the counter, 48N22, and 'F646. 
Software restrictions are not required. 
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0PINLIST 

"Signal names preceding with a 'n' means active low signals' 


AO 

I; 

A1 

I; 

nAS 

I; 

Q3 

I; 

TC 

I; 

CLK 

I; 

A8 

I; 

A9 

I; 

A10 

I; 

All 

I; 

A12 

I; 

A13 

I; 

A14 

I; 

A15 

I; 

A16 

I; 

A17 

I; 

A18 

I; 

A19 

I; 

A20 

I; 

A21 

I; 

A22 

I; 

A23 

I; 

A24 

I; 

A25 

I; 

A26 

I; 

A27 

I; 

A28 

I; 

A29 

I; 

A30 

I; 

A31 

I; 

FCO 

I; 

FC1 

I; 

FC2 

I; 

SIZO 

I; 

SIZ1 

I; 

RW 

I; 

nOE 

B; 

nCPU 

B; 

nSAB 

B; 

nASN 

B; 

nWUUB 

B; 

nCEN 

B; 

nBEN 

0; 

nRDN 

O; 

nWRN 

0; 

nDSACKOa 

0; 

nDSACKOb 

O; 

nDSACKOc 

0; 

nDSACKl 

O; 

nBERR 

0; 

nAVEC 

0; 

nCLKN 

O; 

nCTEN 

0; 

nWUMB 

B; 

nWLMB 

B; 

nWLLB 

B; 

@ LOGIC EQUATIONS 


"RAM, PROM, and UART address definitions" 

PROMADR = /A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17*/A16; 

RAMADDR = /A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17; 

UARTADR = /A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17*A16*/A1S*/A14*/A13*/A12*/A11*/A10*/A9*/A8; 
UORPROM = /A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17; 

ASD = nAS * nASN; "eliminate hazard ANDing nAS with nCPU" 

Figure 2. PHD48N22-7 SNAP Listing (1 of 2) 
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nOE.oe = 1; 
nCPU.oe = 1; 
nSAB.oe - 1; 
nASN.oe = 1; 
nWUUB.oe = 1; 
nCEN.oe = 1; 
nCTEN.oe = 1; 

nWUMB.oe = 1; 

nWLMB . oe = 1 ; 

nWLLB.oe = 1; 

"enables for DSACKO and DSACK1" 

nDSACKOa.oe = (PROMADR*nCPU*ASD*Q3) ; "acknowledge PROM 8 bits" 
nDSACKOb.oe = (UARTADR*nCPO*ASD*TC) ; "acknowledge OSART 8 bits" 
nDSACKOc.oe = (RAMADDR*nCPU*ASD) ; "acknowledge RAM 32 bits" 

nDSACKl.oe = (RAMADDR*nCPU*ASD) ; "acknowledge RAM 32 bits" 

nASN = /nAS; "delay nAS" 

nDSACKOa = / (PROMADR*nCPO*ASD*Q3) ; "acknowledge PROM 8 bits" 
nDSACKOb = / (UARTADR*nCPU*ASD*TC) ; "acknowledge OSART 8 bits" 
nDSACKOc = / (RAMADDR*nCPU*ASD) ; "acknowledge RAM 32 bits" 

nDSACKl = / (RAMADDR*nCPO*ASD) ; "acknowledge RAM 32 bits" 


"CPU address space decoding" 

/ (FC0*FC1*FC2) ; 

/ (FC0*FC1*FC2*A19*A18*A17*A16) ; "interrupt ack forces autovector" 

"RAM output enable" 

/ (RAMADDR*nCPU*RW) ; "enable all RAM outputs upon read" 

"RAM write strobes" 

/ (RAMADDR*/RW*Al*AO*nCPU*ASD "directly addressed, any size" 

+RAMADDR* /RW*A0 *SXZ1*SXZ0 *nCPO*ASD "old alignment, 3 byte size" 
+RAMADDR*/RW*/SIZl*/SIZO*nCPU*ASD "any RAM address, long word size" 
+RAMADDR*/RW*Al*SIZl*nCPU*ASD) ; "word aligned, word or 3 byte size" 

/ (RAMADDR*/RW*Al*/AO*nCPU*ASD "directly addressed, any size" 

+RAMADDR*/RW*/Al*/SIZl*/SIZO*nCPU*ASD"word aligned, long word size" 
+RAMADDR*/RW*/Al*SIZl*SIZO*nCPU*ASD "word aligned, 3 byte size" 
+RAMADDR*/RW*/Al*AO*SIZO*nCPU*ASD) ; "word aligned, word or long word" 


/ (RAMADDR*/RW*/Al*AO*nCPU*ASD 
+RAMADDR* /RW*/A1 * / S IZ 0 *nCPO*ASD 
+RAMADDR*/RW*/Al*SIZl*nCPU*ASD) ; 


"directly addressed, any size" 
"word aligned, byte or 3 byte size" 
"word aligned, word or long word" 


B = / (RAMADDR* /RW*/ Al* / AO *nCPU*ASD ) ; "directly addressed, any size" 

"DUART and PROM address decoding" 

= / (UARTADR*nCPU*ASD) ; 

= / (OARTADR*nCPO*ASD*/Q3*RW) ; 

= / (UARTADR*nCPU*ASD*/Q3*/RW) ; 

= / (OORPROM*nCPO*ASD) ; "enable F646 for USART or PROM" 

= / (PROMADR*nCPU*ASD*RW) ; "F646 transparent for PROM, 


/ <UARTADR*nCPU*ASD*/TC 
+PROMADR*nCPU*ASD*/Q3) ; 

/ (CLK*nAS) ; 


"enable F646 for USART or PROM" 

"F646 transparent for PROM, 
registered for USART" 

"hold count upon TC for UART or" 
"Q3 for PROM access" 

"clock for F191" 


nBERR = / (nCEN*nWUUB*nWUMB*nWLMB*nWLLB*nOE*nCPU*nSAB*ASD) ;"nBERR if no access" 


Figure 2. PHD48N22-7 SNAP Listing (2 of 2) 
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0PINLIST 


I 

I, 

I, 


FC2 
FC1 
FCO 
A19 I 

A18 I, 

A17 I 

A16 I, 

A15 I, 

A14 I, 

A13 I, 

nCS 0, 


0GROUPS 
0TRUTHTABLE 
@ LOGIC EQUATIONS 

nCS.OE = I; 

CPU = FC2 * FC1 * FCO; "cpu space" 

COPROCESSOR = /A19 * /A18 * A17 * /A16; "coprocessor communications" 

CP_ID = /A15 * /A14 * A13 ; "cp-id one" 

nCS = / (CPU * COPROCESSOR * CP_ID) ; 


Figure 3. PHD16N8-5 SNAP Listing 
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INTRODUCTION 

A common function in many systems is to 
convert parallel data into a serial data stream. 
A microcontroller may be programmed to shift 
a byte in a register out to a port, but this is a 
relatively slow procedure. A simple 
pre-loadable shift register could perform the 
basic conversion. However, for the function to 
be complete, additional circuitry to perform 
handshaking or control of the process is 
required. The entire function can be made to 
fit into a low cost Programmable Logic 
Device (PLD), including control circuitry 
tailored to meet specific application 
requirements. 

DESCRIPTION 

Figure 1 shows the desired waveforms for a 
typical implementation. First, a reset signal 
initializes the system and this circuit. Next, 
the parallel data to be serialized is applied to 
the device, possibly from a parallel port of a 
microcontroller, and a write strobe (WRS) 
signal pulsed. The PLD then raises a flag 
(BUSY) and puts the data, one bit at a time, 
on an output (SDAT) under control of a clock 
signal (CLK). Another output, (SCLK) is an 
inverted copy of the transmitting clock, 

ANDed with a control signal, so it only is 
active when data is actually being sent. It can 
be used by the receiving device to clock in 
the serial data. 

How does one get a PLD to perform such a 


function? Preferably this design should fit into 
a simple, low cost device such as a 22V 10 
type PLD. A 22V10 has ten outputs which 
may be individually configured to be 
registered or combinatorial. It is possible to 
make a two input multiplexer circuit in front of 
eight of the D-type flip-flops. It could then be 
configured to shift data or load parallel data 
upon a control signal and clock. However, to 
provide the output control signal BUSY and 
gate SCLK, a 3-bit counter mil be required to 
indicate when the last bit of data is shifted 
out. That would bring the total registers in the 
design up to eleven, one more than a 22V10 
provides. Additionally, the write strobe (WRS) 
is a short duration asynchronous signal, so 
more circuitry is still required to synchronize it 
with the transmitting clock (CLK). 

Another method of serializing data is to use a 
multiplexer (8 tol for this example) and a 
counter. The counter controls which bit is to 
be output from the multiplexer. A count of 
zero connects input IDO to the output, a count 
of one connects ID1, and so on. This will 
work only if the parallel input data is held 
stable throughout the serialization process. 
For this example, the data is applied from 
one port of a microcontroller and held stable 
until after the BUSY signal transitions from 
high-to-low, so a multiplexer will work for this 
case. An 8-to-1 multiplexer will use only one 
output, while the three-bit counter will use 


three outputs of a 22V 10, which leaves us 
with six outputs for other functions. Let’s use 
this technique to implement this example. 
Additional outputs are required for signals 
BUSY, SCLK, and some currently unspecified 
control signals. 

A counter may be constructed very easily 
using a SNAP syntax equation of: 

“COUNT. D=COUNT#1H;". The “#" (pound) 
symbol means addition, the “.D” signifies an 
input to a D-type of flip-flop, and the “1H” is 1 
hexadecimal. So the equation is simply 
COUNT equals COUNT plus 1. The actual 
equation in Figure 3 contains another term, 
but more on that later. In addition to the D 
inputs of the flip-flops, it is necessary to 
describe the flip-flops clock and reset 
connections. Those are listed in lines 57and 
58 of Figure 3. 

A multiplexer is also very easy to describe 
using SNAP syntax Boolean equations. For 
an 8-to-1 multiplexer with output SDAT and 
inputs ID7-ID0 it is: 

SDAT = IDO * (COUNT==OH) 

+ ID1 * (COUNT==1H) 

+ ID2 * (COUNT==2H) 

+ ID3 * (COUNT==3H) 

+ ID4 * (COUNT==4H) 

+ ID5 * (COUNT==5H) 

+ ID6 * (COUNT==6H) 

+ ID7 * (COUNT==7H); 



BUSY 



SCLK 

SDAT 

BUSY 


Figure 1. Desired Input and Output Waveforms 
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So far, we have a counter and multiplexer to 
serialize the data. The process of 
serialization begins with an asynchronous 
pulse on the write strobe input (WRS). It is 
therefore necessary to construct a latch to 
capture the pulse and then use two registers 
to synchronize the signal to the input dock. 
Figure 2 shows the desired operation of two 
intermediate signals Z and Z1 . An extremely 
simple latch can be made with the equation: 
“Z = /WRS + Z”. Once set with WRS low, it 
could never be reset. An additional signal 
named GATE, will be used as an extra term 
in the latch to reset it. From the waveforms of 
Figure 2, a table of the three signals may be 
constructed. 



WRS, GATE 



00 

01 

11 

10 

zo 

1 

1 

0 

0 

1 

1 

1 

0 

1 


Z+ is the “next state” or what value output Z 
should be, given the current inputs and the 
current state of Z. From the table, a 
Karnough map may be constructed (shown 
above) and the equation 
“Z=/WRS+Z7GATE derived. 


We have signal Z, which latches the input 
strobe, but we need to synchronize it to the 
input clock. That can be done with flip-flop Z1 
and the following flip-flop, GATE, described 
later. For Z1, the equation is simply: 

“Z1.D=Z;” Z1 is clocked by the rising edge of 
CLK. ZTs output will go high upon the rising 
edge of CLK and Z high. It will go low upon a 
rising edge of CLK and Z low. 

According to the original waveforms of 
Figure 1 , a signal named BUSY is required to 
occur after the falling edge of CLK following a 
detected strobe (WRS). The internal D-type 
flip-flops of a 22V10 can only be clocked on 
the rising edge of the clock, so one of the 
22V 10’s internal flip-flops cannot be used. 
However a Boolean equation may be used to 
describe this signal. The times and conditions 
when this signal is to be high will be noted 
from Figure 2 and a Boolean expression 
generated. From Figure 2, at time T2, BUSY 
should go high. Therefore, one term of the 
equation for BUSY will be: “Z*Z17CLK”. 

When both Z and Z1 are high and CLK is low, 
then BUSY will go high. This product term will 
keep BUSY high until time T3. 

At time T3, BUSY should remain high and 
adding a product term of “BUSY*Z1” can 
keep it high until time T5. This product term 
actually becomes active long before time T3 
arrives, so there will be no glitching of the 
output. Adding yet another product term of 
“BUSY'GATE” will keep BUSY high from just 
after time T3, through time T5, until time T19. 
Finally, one last product term of "BUSYXLK", 
keeps it high until the falling edge of the 


clock. The combined equation for BUSY is 
shown in Figure 3 lines 38 through 41 . 

The last signal to be described is GATE. It is 
used to control the gating of the inverted 
clock output SCLK, and also control the 
already described signals BUSY and Z. 

GATE can use one of the flip-flops inside the 
22V10, as it should only switch after the 
rising edge of the input clock. It goes high 
after the first rising edge of CLK after BUSY 
goes high. Therefore, one of inputs to the 
GATE flip-flop has to be BUSY. GATE should 
go low after COUNT reaches seven, so the 
equation can be “GATE.D = BUSY * 
/(COUNT==7H);” The input to the GATE 
flip-flop will be high when BUSY goes high 
and COUNT is not equal to 7. 

Signal GATE was also added to each of the 
terms in the multiplexer equation and it was 
added as a term in the counter equation. It 
was added to the multiplexer so SDAT would 
be low unless actual data was being sent . It 
was added to the counter so the counter 
would only count when GATE was high. This 
design used nine of the ten possible 22V10 
outputs.The input RESET was added to 
many of the equations to force a proper 
initialization of the signals. From here it is just 
a matter of typing the equations into SNAP, 
running a simulation, and generating a 
JEDEC file for downloading to a device 
programmer. Figure 4 shows the SNAP 
simulation results and Figure 5 shows the 
associated simulation control language (SCL) 
file. 



October 1993 


565 







1 

2 

3 

4 

1 

1" 

| " High Speed 8-blt Parallel to Serial 


Converter " 






5 

6 

1 

|0P INLIST 







7 

| CLK I; 



1 \ 

/ 

1 


8 

| ID [0 . .7] I; 



1 


1 


9 

| RESET I; "active low" 


CLK 

[ 1 | CLK/ 10 


VCC | 24] 


10 

|WRS I; 


RESET 

[ 2|I1 


1/09 | 23] 


11 

1 


IDO 

t 3|I2 


1/08 | 22] 

Z1 

12 

|BUSY O; 


ID1 

[ 4|I3 


1/07 | 21] 

z 

13 

| SCLK O; 


ID2 

[ 5 1 14 


1/06 | 20] 

SDAT 

14 

ISDAT 0; 


ID3 

[ 6|I5 


1/05 | 19] 

SCLK 

15 

|C [0 . .2] 0; 


ID 4 

[ 7|I6 


1/04 | 18] 

GATE 

16 

|GATE O; 


ID5 

[ 8|I7 


1/03 | 17] 

C2 

17 

|Z O; 


ID 6 

[ 9 1 18 


1/02 | 16] 

Cl 




ID7 

[10 |I9 


1/01 | 15] 

CO 

20 

| 0 GROUPS 


HRS 

[11 |I10 


1/00 | 14] 

BUSY 

21 

|COUNT= [C2, Cl, CO] ; 



[12|GND 


111 | 13] 


22 

1 



1 


1 


23 

| 0TRUTHTABLE 



1 


1 


24 

I0LOGIC EQUATIONS 







25 

1 







26 

I "write strobe latch" 







27 

1 







28 

|Z = /WRS*reset+Z*/GATE*reset; 







29 

1 







30 

| "first flip-flop to sychronize HRS 

to CLK" 






31 

1 







32 

|Z1.D = Z; 







33 

IZ1.CLK = CLK; 







34 

IZ1.RST = reset; 







35 

1 







36 

| "busy flag" 







37 

1 







38 

|BUSY = Z*Zl*/CLK*reset 







39 

| + BUS Y*Z 1 *re set 







40 

| + BUSY*GATE*reset 







41 

I + BUSY*CLK*reset ; 







42 

1 







43 

| "gate for control and 2nd synchronizing flip-flop" 





44 

1 







45 

| GATE . D = BUSY*/ <COUNT==7H) ; 







46 

|GATE. CLK = CLK; 







47 

IGATE.RST = reset; 







48 

1 







49 

1 







50 

| "output clock" 







51 

1 







52 

| SCLK = /CLK*GATE; 







53 

1 







54 

| "3-bit up counter" 







55 

1 







56 

| COUNT. D = GATE==1 * COUNT#lH; "count only when 

GATE is 

high" 




57 

| COUNT. CLK = CLK; 







58 

j COUNT. RST = reset; 







59 

1 







60 

| "Multiplexer Equations" 







61 

1 







62 

ISDAT = IDO* (COUNT==0H) *GATE*reset "if 

GATE is low 

then output a low" 




63 

| + ID1* (COUNT==lH) *GATE*reset 







64 

| + ID2* (COUNT==2H) *GATE*reset 







65 

| + ID3* (COUNT==3H) *GATE*reset 







66 

| + ID4* (COUNT==4H) *GATE*reset 







67 

| + IDS* (COUNT==5H) *GATE*reset 







68 

| + ID6*(COUNT==6H)*GATE*reset 







69 

| + ID7* (COUNT==7H) *GATE*reset; 







70 

1 







71 

| 0 INPUT VECTORS 







72 

| 0OUTPUT VECTORS 







73 

| @ STATE VECTORS 



NOTE: Line numbers are for reference only, they 

74 

| 0 TRANSITIONS 



are NOT part of the design file. 


75 

1 








Figure 3. 

SNAP Listing and Pin File 
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*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 04/21/93 Time: 16:14:48 * 

*************************************************** 

* * 

* Input File Name : SHIFT. SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : SHIFT. SCL * 

* * 
**★★★*****************★*★*★★***★*★***★*★★★**■*★★**★★ 

P IDO, ID1, ID2 , ID3, ID4, ID5, ID6, ID7, CLK, RESET, WRS, BUSY, 
# GATE, SCLK, SDAT, C[2..0], Z, Z1 
PCO 

S 0 (5890) IDO 
S 1 (5890) ID1 
S 0 (5890) ID2 
S 0 (5890) ID 3 
S 1 (5890) ID 4 
S 0 (5890) ID5 
S 1 (9200) ID6 
S 0 (14290) ID 7 
S 0 (100, 200, ETC) CLK 
S 0 (80, 5600, 6000) RESET 
S 1 (180, 240, 4000, 4200) WRS 
SU time = 14290 
F 


Figure 5. SNAP Simulation SCL File 
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Figure 1. 



INTRODUCTION 

When using a latch or flip-flop in normal 
circumstances (i.e., when the devices set-up 
and hold times are not being violated) the 
outputs will respond to a latch enable or clock 
pulse within some specified time. These are 
the propagation delays found in the data 
sheets. If, however, the set-up and hold 
times are violated so that the data input is not 
a clear one or zero, there is a finite chance 
that the flip-flop will not immediately latch a 
high or low but get caught half way in 
between. This is the metastable state and it is 
manifested in a bi stable device by the 
outputs glitching, going into an undefined 
state somewhere between a high and low, 
oscillating, or by the output transition being 
delayed for an indeterminable time. 

Once the flip-flop has entered the metastable 
state, the probability that it will still be 
metastable some time later has been shown 
to be an exponentially decreasing function. 
Because of this property, a designer can 
simply wait for some added time after the 
specified propagation delay before sampling 
the flip-flop output so that he can be assured 
that the likelihood of metastable failure is 
remote enough to be tolerable. On the other 
hand one consequence of this is that there is 
some probability (albeit vanishingly small) 
that the device will remain in a metastable 
state forever. The designer needs to know 
the characteristics of metastability so that he 
can determine how long he must wait to 
achieve his design goals. 


THE CHARACTERISTICS OF 
METASTABILITY 

In order to define the metastability 
characteristics of a device three things must 
be known: first, what is the likelihood that the 
device will enter a metastable state? This 
propensity is defined by the parameter T 0 . 
Second, once the device is in a metastable 
state how long would it be expected to 
remain in that state? This parameter is tau (t) 
and is simply the exponential time constant of 
the decay rate of the metastability. It is 
sometimes called the metastability time 
constant. The final parameter is the 
measured propagation delay of the device. 
Commonly, the typical propagation delays 
found in the data book are used for this and it 
is designated h in the equations (although 
most designers are familiar with this value as 


Tpd). Now lets see how tau and T 0 are 
determined by measurements. 


A TEST METHOD 

Suppose we wanted to measure the 
metastability characteristics of a fictitious 
edge-triggered D-type flip-flop and we had a 
test system that would count each time the 
flip-flop is found in a metastable state at 
some time after a clocking edge. The first 
thing we would like to know about the flip-flop 
would be the h or typical propagation delay. 
We could measure the delay or look it up in 
the data book (of course, measuring the 
actual delay would allow more precise 
results). This fictitious flip-flop has an h of 
7ns. In this test we decide to use a clock 
frequency of 10MHz. This frequency is 
primarily a function of the test systems ability 
to assimilate the information. The data will 


run at 5MHz asynchronously to the clock and 
with a varying period. This frequency was 
chosen because at two transitions per cycle 
the data signal produces 10 million points 
each second where it is possible for the 
flip-flop to go into a metastable state, an 
average of one point for each clock pulse. 

An important point about the characteristic of 
the data signal in relation to the clock is that 
the data transitions must have an equal 
probability of occurring anywhere within the 
clock period or the results could be skewed. 

In other words, we need to have a uniform 
distribution of random data transitions (high 
and low) relative to the clocking edge. 

The first measurement we take is to 
determine the number of times the device is 
still in a metastable state 8ns after the clock 
edge. With this device there are 792 failures 
after 1 billion clock cycles. Changing the time 
to 9ns we measure 65 failures after another 1 
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billion cycles. Because metastability resolves 
as an exponentially decaying function the two 
points define the exponential curve and they 
can be plotted as shown in Figure 1 . An 
equivalent plot can be made using a semilog 
scale as in Figure 2. The slope of the line 
drawn through the two points represents tau. 
With these two points the tau can be 
determined by equation (1 ): 


ln(N i / N 2 ) ' 

where N} and N 2 are the number of failures 
at times ti and t 2 , respectively. 

Working through the numbers gives us a tau 
of 0.40ns. Tau of this order is representative 
of the FAST line of flip-flops. 

Earlier we stated that To is an indicator of the 
likelihood that the device will enter a 
metastable state. Now we will attempt to 
explain it. At 9ns after the clock we observed 
65 failures in 1 billion clock cycles. Since the 
data transits on average once per clock cycle 
and the period of this clock is 100ns, from 
equation (2) we can say that there appears to 
be an aperture about 0.0065 picoseconds 
wide at the input of the device that allows 
metastability to occur for 9 or more 
nanoseconds. Another way of explaining the 
same thing would be to suppose that if 1 
billion data transitions were uniformly and 
randomly distributed over a clock period of 
100ns: you would expect 65 of these 
transitions to cause the outputs to go into a 
metastable state and remain there for at least 
9ns. 


n N 9 PC 
9 Na 


( 2 ) 


Where Nc9 is the number of clocking events 
at 9ns (in this instance, 1 billion), Pc is the 
period of the clock, and N 9 is the number of 
failures recorded at 9ns. 

By the same reasoning the window at 8ns 
appears to be 0.0792 picoseconds wide. It 
seems to have grown because there are, of 
course, more failures after 8ns than after 9ns. 
This aperture has been normalized by 
researchers to indicate the effective size of 
the aperture at the clock edge, or time zero. 
Unfortunately the normalization process 
tends to obscure the interpretation of To. To 
can be calculated using equation (3). Figure 
3 is an extension of Figure 2 and shows the 
relationship of To, h, and tau. 


To = T$e 


(3) 



NUMBER OF TIME CONSTANTS 

Figure 3. 


or equivalently, 


To = T$e 


(¥) 


In this case To is 38.4ps and this value is 
again typical of the FAST line of products. 

Figure 3 is an extension of Figure 2 and gives 
a graphic indication of Tq- The number of 
failures plots on the same scale as the 
aperture size but the number of failures is 
dependent on the number of clock cycles 
used in the test (we always used 1 billion in 
this paper) and the ratio of data transitions to 
clock pulses (1 :1 in this paper). On the other 
hand, the aperture size is independent of 
these things. 


MTBF 

Having determined the T 0 and tau of the 
flip-flop, calculating the mean time between 
failures (MTBF) is simple. Suppose a 
designer wants to use the flip-flop for 
synchronizing asynchronous data that is 
arriving at 10MHz, he has a clock frequency 
of 25MHz, and has decided that he would 
like to sample the output of the flip-flop 1 5ns 
after the clock edge. He simply plugs his 
numbers into equation (4) . 



Tofcfi 


In this formula fc is the frequency of the 
clock, fj is the average input event frequency, 
and t' is the time after the clock pulse that the 
output is sampled (of course t' > h). In this 
situation the fj will be twice the data 
frequency because input events consist of 


both low and high data transitions. For the 
numbers above the MTBF is one million 
seconds or about one failure every 1 1 .6 days. 
If the designer would have tried to sample the 
data after only 10ns the MTBF would have 
been 3.8 seconds. 


Metastability literature can be very confusing 
because several companies use different 
nomenclature and often the fundamental 
parameters are obscured by scale factors, so 
it is important that the user understand MTBF. 
Lets try a thought experiment to determine 
the correct MTBF formula. We know the size 
of the aperture at 8ns so we need to know 
how often that window will occur. This is 
supplied by the clock period. This gives a 
ratio of window size to clock period and gives 
us the likelihood of a transition within the 
clock period causing a metastable state that 
lasts beyond the 8ns point. Now we need to 
know the number of input events per clock 
period to determine the MTBF at 8ns. This is 
supplied by the average input event period 
and produces the equation below where Pc 
and Pj are the periods of the clock and input 
events, respectively. 


MTBF = 


T 1 i 
T * p c Pi 


1 

Tsfcfi 


(5) 


This gives the MTBF for 8ns, but how can the 
formula be developed to handle other times? 
It has been stated in this paper that the rate 
of decay of metastable events is an 
exponential function with a time constant of 
tau. Using this information gives the equation 
below where t' is the time after the clock 
pulse that the output is sampled. 
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MTBF = 


.N*) 

Ttfcfi 



( 6 ) 



To fc f< 


A point should be made here about MTBF. 
This is the mean time between failures and 
as such does not indicate the average time 
between failures. In fact, in this situation, the 
MTBF is the time before which there is a 
63.2% probability that a failure would have 
occurred. Suppose a device has an MTBF of 
one million seconds like the example above; 
because the MTBF is an exponential function 
there is a 9.5% probability that a failure will 
occur in the first 1.16 days of operation. This 
might cause the user to feel that the device is 
failing more than expected. The user would 
find that 50% of his failures would occur 
within 8 days. Figure 4 gives a visual 
interpretation of this idea: time constant one 
represents one million seconds in this case. 


RECENT DEVELOPMENTS 

The quest for better metastability 
characteristics in flip-flops has recently 
resulted in the development of flip-flops with 
taus significantly less than 0.40ns. Perhaps 
the most notable of these is the Philips 
Semiconductors 74F50XXX series with 
typical taus of 135ps. The specifications of 
these new products can cause confusion 
among the uninitiated because the typical To 
on these devices is 9.8 million seconds or 
about 113 days. This is an example of how 
the normalization process obscures the 
interpretation of To- In the newest products 
the taus have decreased faster than the 
normal propagation delays primarily due to 
speed limitations of the outputs. 

Using the example above and calculating T? 
from equation (3) we see that the window at h 
is 0.965ps. Now lets assume that we have a 
device with the same size window (0.965ps) 
at h and an h of 7ns. The difference between 
this device and the previous example is that 
this device has a tau of 150ps. Clearly, if the 
device has the same h and the same size of 
window at h but a smaller tau, the device is 
better. But lets calculate the To. 

/ 7 ns 

To = Tq r 

T 0 = 178 million seconds! 


Comparing the To of any two devices does 
not show which device is superior. However, 
one can expect that the device with the lower 
tau is superior in all but the most peculiar 
circumstances. 


SUMMARY 

This paper is intended to introduce the reader 
to the terms he will be dealing with regarding 
metastability and it is hoped that this 
introduction will help him to digest the more 
in-depth papers that he will be reading. 

Philips Semiconductors uses the parameters 
described by Thomas Chaney of Washington 
University in St. Louis, Missouri because they 
are fundamental and the better metastability 
papers generally use these parameters. For 
further reading on the subject, the article 
“Metastable behavior in digital systems", by 
Lindsay Kleeman and Antonio Cantoni 
published in IEEE Design & Test of 
Computers in December of 1987, is 
recommended. 
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INTRODUCTION 

Philips Semiconductors PLAs are particularly 
useful in the design of wide address decoders 
and random logic replacement. The primary 
advantage Philips Semiconductors brings to 
these applications with their PLA devices is 
product term sharing, which is made possible 
via the two programmable arrays graphically 
shown in Figure 1 . The familiar PAL® 
architecture supports a programmable AND 
array, followed by a fixed OR array. Better 
than 90% of the PAL devices that are 
available today are limited to 8 input wide OR 
gates. When pursuing a solution to a 
complex address decoding scheme, this 
restriction is prohibitive. The Philips 
Semiconductors PLA devices support 100% 
connection of all product terms to one or 
more OR gates. Once a term is created, it 
can be shared with any or all of the output 
functions. No duplication of resources is 
incurred. The popular PLXX153 family 
support 32-input wide OR gates which are 
ideal for memory or I/O decoders. The 
addition of programmable output polarity also 
enhances design efficiency and logic 
minimization. 

The two programmable array concept 
dominates the Philips PLD product line. 

With the exception of the PAL-type devices 
which have been geared for ultimate 
performance, all Philips PLDs have been 
architected with efficient and flexible PLA 
structures. With the largest breadth 
programmable product line in the industry, 
Philips believes the designer can truly fill his 
requirements from the several product lines - 
PLA, PAL and PLS. Two combinatorial logic 
PLA device descriptions follow. For 
information on PLA devices with registers 
please refer to the sequencer section of this 
manual. 


PHILIPS SEMICONDUCTORS 
PLUS153 

Figure 2 depicts the Philips PLUS153. This 
bipolar PLA is pin and functionally equivalent 
to the Philips PLS153, however is available 
with a maximum propagation delay time of 
1 0ns from input to output. 

The PLUS153 has eight dedicated inputs and 
10 bidirectional pins. The bidirectional pins 
may be adapted to suite the user’s specific 
needs. 20-pin DIP or PLCC packages are 
available. 

The output structure of the PLUS153 includes 
programmable polarity control on each 
output. Either active HIGH (non-inverting) or 
active LOW (inverting) outputs are 
configurable via the EX-OR gate associated 
with each I/O. individual 3-State control of 
the I/O is also supported with the ten 
direction control AND terms (D1-D9). 

Other benefits to the PLUS 153 include full pin 
compatibility with most 20-pin combinational 
PAL parts. The natural product term sharing 
capabilities of the PLA architecture yield 
complete freedom of configuration should the 
engineer implement a particularly creative 
decode configuration. 


PHILIPS SEMICONDUCTORS 
PLUS173 

Figure 3 depicts the Philips Semiconductors 
PLUS173. This bipolar PLA is functionally 
equivalent to the Philips PLS1 73. The 24-pin 
PLUS173 has four more inputs pins than the 
PLUS153. The user may adapt the 
bidirectional pins to suit particular decoding 
needs, but the propagation delay time is still 
no more than 10ns from stabilized input to 
stable output fora PLUS 173- 10 device. 

By having more inputs than the 153 part, the 
173 can either resolve more input lines or 
generate more outputs functions for the same 
number of inputs. Distinct 3-State control 
over each output may be useful for controlling 
chip enables where contention (i.e. , multiple 
access) may exist. 

For speed and input width, the PLUS173 is 
probably the best single PLS available today 
for both memory and I/O decoding. 

Combining the 10ns Tpd with the 
distinguishable range of 12 to 21 inputs, the 
designer can easily decode say 16 input 
addresses as well as read/write qualifiers or 
encoded status signals. Output polarity 
control (Active-High or Active-Low) is 
achieved by programming the Exclusive-OR 
gate associated with each output. 

The flexibility achieved with a PLA structure 
can be quickly appreciated by the designer 
who has experienced the frustration of the 
dedicated "OR” structures in PAL ICs. 
Currently, the only time penalty for the 
freedom granted by a PLA is a few 
nanoseconds! 


® PAL is a registered trademark of Advanced Micro Devices 
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INTRODUCTION 

The PLUS153-10 is available in a 20-pin DIP 
or 20-pin PLCC package. The PLUS1 73-10 
is available in a 24-pin DIP or 28-pin PLCC 
package. Both parts have tpo no greater 
than 10ns. 

Both parts provide 32 wide input product 
terms, whose outputs may be tied to the 
inputs of the sum terms (OR gates) below. 
There are no restrictions on this interconnect 
— any or all product terms may feed any or 
all sum terms. Thus each OR term can 
accept from 1 to 32 inputs without leaving the 
chip for a signal “wrap around”. All ten 
outputs are bi-directional, so they may be 
traded off as inputs are used. Finally, each 
output may be polarity configured 
(exclusive-OR fused) and each is 
independently 3-Stateable from a separate 
product term (each) which is identical to the 
rest. 

Although slightly slower (from pin to pin) than 
7.5ns 20L8 structures, the following example 
demonstrates a simple case of how a 10ns 
PLA can be faster than a 7.5ns PAL. 

Example 1: Glue Collection 

This first example is an illustration of 
compressing glue logic. Figure 1 shows a 
piece of logic which performs one of two 
operations on two 8-bit numbers. These may 
come from different registers in a system, or 
be from two halves of a 1 6-bit bus. The goal 
is to perform the input operations (compare 
the bytes in one mode or multiplex one bit out 
in the other) in 10ns. Using MSI parts, this 
could have been done except there is no 1 6 
to 1 MUX available in the 74F device series. 
There is a 74150 device available, but it has 
a propagation delay of 1 7ns. So this will not 
work. Figure 1 shows the solution using the 
7.5ns PAL devices. Unfortunately, because 
architecture provides only seven product 
terms per sum term (16L8-7) multiple signal 
passes are required. This results in a 
solution needing over 20ns. It might be 
conjectured that a 15ns 22V10 could make it 
with 16 product terms on some outputs, but 
doing the MUX would only provide the output 
at “point 1" in 15ns. Additional time is 
needed to make the final out signal. A 10ns 
22V10 could not make spec, with an 
additional 74F32 adding 4ns. Figure 3 shows 
the preferred solution — a single PLUS1 73 
generating the final function in 10ns. Figures 
4 and 5 show the pinout and SNAP equations 
for this solution. 


Example 2: Cache Update Inhibit 

Key to modern microsystem design has been 
simple, fast RISC processors with quick 
cache and single cycle high performance 
operation. Unfortunately even using the new 
cache control chips, exception handling 
results in clumsy designs. This may be one 
of the reasons simple, direct-mapped caches 
have also become popular. Exception 
handling is often resolving transactions which 
occur with data items that are non-cacheable. 
This occurs in a number of ways — first, 
EPROMs, I/O devices and special state 
registers are not cacheable items, so they will 
never be put into a cache memory. What 
happens when a non-cacheable item is 
referenced? The cache controller will miss 
and begin to update the cache. The 
transaction must be terminated before it 
overlays an I/O device onto the least recently 
used cache address. 

The way to deal with the transaction overlay 
problem is straightforward — recognize all 
non-cacheable transactions and intercept 
them before the controller cleans house. 

How big of a problem is this? Figure 6 shows 
what might be an average engineering 
workstation. Each device (disk controller, 

LAN controller, keyboard, printer, etc.) usually 
has several interna! registers each occupying 
a unique address. With two disks, a LAN, 
modem and printer, a system could instantly 
exceed 16 distinct I/O registers. It is best to 
assume a large number. Enter the PLA — 
the PLUS173 — for such a system. Each 
product term can be scattered all over 
memory if needed and decodes summed into 
a single output signal generating a composite 
inhibit. This process takes less than 10ns for 
up to 32 devices. Using a 20L8-7 requires 
trading off resolution (number of address bits 
resolved) and feeding through the chip 
multiple times, expanding to 13 devices in 
two passes (at 15ns for a 7.5ns device). 

Using a PLA keeps the RISC design very 
clean and fast. 

Example 3: Interfacing Mixed 
Memory Types 

Other sections of a microprocessor system 
can use the summation of a large number of 
decoded terms. For instance, the interrupt 
request, DMA request and the cycle 
extension WAIT line are contenders for a 
large number of decoded and summed 
inputs. Some are asserted low and some 
high so polarity control is vital. Some require 


a 3-State or open collector resistive pull-up, 
so the PLA enable fits well. These are 
situations where attention signals come into 
the processor. 

It is not always necessary for the CPU to 
operate at full speed. Operating the CPU at 
a slower speed brings about a more 
economical and compact system. This is due 
to higher costs associated with fast memory 
and greater board area for wide memory 
configurations. 

Some software routines where slower 
performance may be acceptable include 
power up initialization, diagnostic routines, or 
some exception routines. When speed is 
critical, an 8-bit bus is the most economical 
and compact because of readily available 
byte wide PROMs and RAMs. The 68030 is 
easily interfaced to 8-, 1 6- or 32-bit ports 
because it dynamically interprets the port size 
during each bus cycle. Figure 7 shows an 
example of interfacing both a slow 200ns 
8-bit EPROM and a fast 35ns 32-bit RAM to a 
68030. A PLUS173-10 was chosen for its 
high speed and large number of inputs and 
outputs. The EPROM occupies memory 
space 0-32K while the RAM occupies 
addresses 64-1 28K. Note that because not 
all of the upper memory address bits were 
decoded, the memory arrays will also appear 
at other addresses. 


PROBLEM: 

1 6-bit Data Compare / MUX 
Mode 1 : Compare two 8-bit fields 
Mode 2: Select 1 of 16 bits 
Must be fasti 


SOLUTION 1 : 



Figure 1. 
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@PINLIST 


a[0..7] i; 


b[0..7] i; 


s[0..3] i; 


MODE i; 


OUT o; 


@GROUPS 

se l = 

*10-31; 

@TRUTHTABLE 

@LOGIC EQUATIONS 

comp = 

aO * bO /mode 

+ 

/aO * bO /mode 

+ 

al * bl /mode 

+ 

/al * bl /mode 

+ 

a2 * b2 /mode 

+ 

/a2 * b2 /mode 

+ 

a3 * b3 /mode 


/a3 * b3 /mode 

= 

a4 * b4 /mode 

+ 

/a4 * b4 /mode 

+ 

a5 * b5 /mode 

+ 

/a5 * b5 /mode 

+ 

a6 * b6 /mode 

+ 

/a6 * b6 /mode 

+ 

a7 * b7 /mode 

+ 

/a7 * b7 /mode; 

mux 

aO * (sel == Oh) * mode 

+ 

al * (sel == 1h) * 

mode + 

a2 * (sel == 2h) * mode 

+ 

a3 * (sel == 3h) * mode 

+ 

a4 * (sel == 4h) * mode 

+ 

a5 * (sel == 5h) * mode 

+ 

a6 * (sel == 6h) * mode 

+ 

a7 * (sel == 7h) * mode 

= 

bO * (sel == 8h) * mode 

+ 

bl * (sel == 9h) * mode 

+ 

b2 * (sel == Ah) * mode 

+ 

b3 * (sel == Bh) * mode 

+ 

b4 * (sel == Ch) * mode 

+ 

b5 * (sel == Dh) * mode 

+ 

b6 * (sel == Eh) * mode 

+ 

b7 * (sel == Fh) * mode; 

out = mux + comp; 

@INPUT VECTORS 

@OUTPUT VECTORS 

@STATE VECTORS 

©TRANSITIONS 

Figure 5. SNAP Equation Listing 
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Figure 7. Example Interfacing Mixed Memory Types 
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DECODER FOR INTERFACING SRAMa AND EPROMs TO AN MC68030. THIS DESIGN IS FOR A PL US 173 DEVICE 

@PINLIST 
dlyin i; 
nas i; 
a[31..30] i; 
a[19..16] i; 
a[1..0] i; 
sizO i; 
sizl i; 

rw i; 

nrmcs o; 
dstrt o; 
nuucs o; 
numcs o; 
nlmcs o; 
nllcs o; 
nepcs o; 
nack[1..0] o 

(©LOGIC EQUATIONS 
“EPROM enable” 

nepcs = / ( /a31 */a30 * /a19 * /a18 * /a17* / a16 */ nas; 

“start shift register during EPROM access” 
dstrt = / ( /a31 * /a30 * /a19 * / a18 * /a17 * / a16 * / nas; 

“DSACKO after 4 clock cycles for EPROM access" 
nackO = / (dlyin); 

“immediate STERM upon RAM access” 
nackl = / ( /a31 */a30 */a19 * /a18 */a17 */a16); 

“Byte select signals for RAM writes" 
nuucs = /(/a0*/a1* /rw * a16 * /a17 * /1 8 * /a19 * /a30 * /a31); 

nuucs = / ( aO * /al * /rw* a16* /a17* /18* /a19 * /a30 * /a31 

+ / al * /sizO * /rw*a16*/a17*/18*/a19*/a30*/a31 

+ / al * /sizl * /rw * a16 */a17*/18 */a19 */a30 */a31); 

nlmcs = /(/a0*/a1 * /rw * a16 * /a17 * /18 * /a19 * /a30 * /a31 

+ / al * /sizO * /sizl * /rw * a16 * /a 1 7 * /1 8 */a19 * /a30 * /a31 

+ / al * sizO’ /sizl * /rw*a16*/a17*/18*/a19*/a30*/a31 

+ / al * aO * /sizO * /rw * a16 */a17* /18 */a19 * /a30 * /a31); 

nllcs = / ( aO * al * /rw * a16 * /a17 * /18 * /a19 * /a30 * /a31 

+ aO * sizO * sizl * /rw * a16 * /a17 * /18* /a19 * /a30 * /a31 
+ /sizO* /sizl* /rw*a16‘/a17*/18*/a19*/a30*/a31 

+ /al* sizl’ /rw*a16*/a17*/18*/a19*/a30*/a31); 

nrmcs = /( /rw * a16 * /a17 * /18 * /a19 * /a30 * /a31); 

Figure 8. Equations for PLUS173 Shown in Figure 7 
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DESCRIPTION 

Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered R-S flip-flop, an 
edge-triggered D flip-flop, and an 
edge-triggered JK flip-flop. 

SIMPLE R-S LATCH 

A simple R-S latch may be formed by 
cross-coupling two NAND functions together 
as shown in Figure 1 . 



@pinlist 
r i; 
s i; 
q b; 
qn b; 

@logic equations 
qn = /(q‘s); 
q = /(r*qn); 
qn • oe = 1 ; 
q- oe = 1; 

Figure 2. RS Latch SNAP Equations 


ANOTHER SIMPLE R-S LATCH 

Another way to implement a simple latch is 
shown in Figure 3, in which two NOR 
functions are cross-coupled to form a latch. 

The SNAP equations are shown in Figure 4. 

Since each AND-term of the PLS153 can 
accommodate up to 1 8 inputs (true or 
inverting inputs of eight from l 0 to l 7 and ten 
from Bq to Bg), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 



@pinlist 
r i; 
s i; 
q b; 
qn b; 

@logic equations 
qn = (/q*/s); 
q = (/r*/qn); 
qn • oe = 1 ; 
q • oe = 1 ; 

Figure 4. RS Latch SNAP Equations 



D-LATCH 

A simple D-latch can be constructed with a 
PLS153 as shown in Figure 6. 


This circuit may be expanded to have 
multiple D-latches using the same latch 
enable (LE). 



This circuit may be easily programmed into 
the PLS153 as shown in Figure 7. Note that 
according to the K Map of Table [1], there is a 
static hazard using only two gates, so the D * 
Q term is recommended. 


The programming of this design is left to the 
reader as an exercise. 
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Table 1. D-Latch K Map 
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R-S FLIP-FLOP 

Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 9 
shows a combination of two sets of 
cross-coupled NOR gates concatenated to 
form the flip-flop. The implementation of this 
circuit using SNAP equations is shown in 
Figure 8. 


CLK 

R 
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B6 
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Z1 

Z] 

Z] 

z 
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a. Pinout 

@pinlist 
dk i; 


bO 

bl 

q 

qn 


@logic equations 
qn=/(q 

+ (bl 'elk) ); 
q = / ( (elk * bO) 

+ qn); 
bl =/b0 
+ (s * / elk); 
bO = /( (r*/dk) 

+ bl): 

bO ■ oe = 1 ; 
bl • oe = 1; 
q • oe = 1; 
qn • oe = 1 ; 

Figure 8. SNAP Equations 




@pinlist 

elk 
d 
rst 
set i; 
q o; 
tempo; 

@logic equations 
temp = ( (d * / elk * / rst) 

+ (d * temp * / rst) 

+ (temp * / rst * elk) 
+ (set); 

Q = ( (temp * elk * / rst) 

+ (temp * q * / rst) 

+ (q * / rst * / elk) 

+ (set); 


Figure 11. SNAP Equations and Pinout 


D FLIP-FLOP 

An edge-triggered master-slave D flip-flop 
may be constructed with two D-latches in the 
manner shown in Figure 10. 


A PLS153 may be programmed as shown in 
Figure 1 1 to implement the D flip-flop. 
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V. 
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Vcc 
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12 

B8 

13 

B7 

14 

B6 

15 

B5 

16 

B4 

17 

83 

BO 

B2 

GND 

B1 


— , @logic equations 

85 ill temp = ( (j * / elk * / rst * /q) 

B 4 m] + (/elk * / k *q * / rst) 

— I + (j * / rst * temp * /q) 

83 -HI + (temp * /rst * elk) 

B2 «] + ( Se *K 

— 1 q = ( (temp * elk */ rst) 

81 — J Q + (temp * q * / rst) 

-- ‘ + ( / rst * q * / elk) 

+ (set); 

Figure 13. SNAP Equations and Pinout 


JK FLIP-FLOP 

An edge-triggered JK flip-flop schematic is 
shown in Figure 12. SNAP equations and 
pinout are shown in Figure 13. 
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DESCRIPTION 

The PLS173 is a 24-pin PLA device which 
has 10 bidirectional outputs and 1 2 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A 10-bit 
comparator similar to the 74LS460 compares 
two 1 0-bit data inputs to establish if 
EQUIVALENCE or NOT EQUIVALENCE 
exists. The output has True and Complement 
comparison status outputs. The logic diagram 
of the comparator is shown in Figure 1 . 

The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to A9 to AO 
and B9 to BO. If the input to A9-A0 is bit-to-bit 
equivalent to the input to B9-B0, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with SNAP as shown in 
Figure 3. 

Table 1 . Function Table 


Ag — Ao 

Bg — Bo 

E3 


a 

a 


mm 

b 

b 


mm 

a 

b 
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Bs 

*4 
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GND 



TOP VIEW 


V CC 

Bg 

*9 

b 8 

*8 

NE 

EQ 

B7 

*7 

B 6 

a 6 

B 5 


Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 


RESOURCES 

This design used 20 product terms in the 
PLS173. As shown in Figure 4, expanded 
equations, each output needs 20 product 
terms. Since the product terms are the 
same, each output shares the 20 product 
terms with an output polarity fuse determining 
the proper output level. 



D Package 


ao[T 

10 ^ 

Vcc 


BO [£ 

11 

B9 

m b 9 

A1 [T 

12 

B8 

||] A9 

Bl [T 

13 

B7 
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A2 |j[ 

14 

B6 

20 ] A8 

B2[T 

15 

B5 

jjj] NE 

«u 

16 

B4 

«] eq 

B3 [T 

17 

B3 

jH B7 

A4 [I 

18 

B2 

IS] A7 

84 [l£ 

19 

Bl 

15] B6 

AS Hi 

no 

B0 

H3 AS 

GND 

GND 

111 

l|] B5 

Figure 2. Pin Configuration 


This circuit compares to two 10-bit inputs. If 
they are bit-to-bit equivalent, output EQ goes 
high and NE goes low. If they are not 
bit-to-bit equivalent, output EQ will be low 
while NE will be high. 


@PINLIST 
A[0.,9] i; 

B[0..9] i; 

EQ o; 

NE o; 

@GROUPS 
one = a[0..9]; 

two = b[0..9]; 

@TRUTHTABLE 
@LOGIC EQUATIONS 

EQ = one == two; 

NE = one != two; 

@INPUT VECTORS 
@OUTPUT VECTORS 
(©STATE VECTORS 
©TRANSITIONS 

These equations are written for Philips Semiconductors 
SNAP software. 

Figure 3. Boolean Equations of 
10-Bit Comparator 


@ LOGIC EQUATIONS 

eq 

/ ( ( /b9 * a9 ) 

+ 

( b9 * a9 ) 

+ 

(b8*/a8) 

+ 

( / b8 * a8 ) 

+ 

( / b7 * a7 ) 

+ 

(b7*/a7) 

+ 

( b6 * / a6 ) 

+ 

( / b6 * a6 ) 

= 

(b5*/a5) 

+ 

( b5 * / a5 ) 

+ 

( / b5 * a5 ) 

+ 

( / b4 * a4 ) 

+ 

( b4 * a4 ) 

+ 

( / b3 * a3 ) 

+ 

(b3*/a3) 

+ 

( / b2 * a2 ) 

+ 

(b2*/a2) 

+ 

( / bl * al ) 

+ 

(bl * /al ) 


( bO * / aO ) 

+ 

( / bO ‘ a0)); 

ne = 

( ( /b9 * a9 ) 

+ 

( b9 * a9 ) 

+ 

(b8*/a8) 

+ 

( / b8 * a8 ) 

+ 

( / b7 * a7 ) 

+ 

(b7*/a7) 

+ 

( b6 * / a6 ) 

+ 

( / b6 * a6 ) 

= 

(b5*/a5) 

+ 

(b5*/a5) 

+ 

( / b5 * a5 ) 

+ 

( / b4 * a4 ) 

+ 

( b4 * a4 ) 

+ 

( / b3 * a3 ) 

+ 

( b3 * / a3 ) 

+ 

( / b2 * a2 ) 

+ 

(b2*/a2) 

+ 

(/bl *a1 ) 

+ 

( bl * / al ) 

+ 

( bO * / aO ) 

+ 

(/bO* a0)) ; 

Figure 4. Expanded Equations 
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INTRODUCTION 

This application note presents the design of a 
parity generator using Philips 
Semiconductors PLD, PLS153or PLS153A, 
which enables the designers to customize 
their circuits in the form of “sum- of-products”. 
The PLA architecture and the 10 
bi-directional I/O's make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring 
between pins. 

The parity of an 8-bit word is generated by 
counting the number of Ts” in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a “0” if the 
parity is even, or a “1” if parity is odd. 
Conversely, an odd parity generator will 
generate a “0" if the parity of the word is odd, 
or a “1” if the parity is even. This bit is then 
concatinated to the word making it 9-bits 
long. When the word is used elsewhere, its 
parity may be checked for correctness. 

FEATURES 

• Generates even and odd parities (SUME 
and SUMO) 

• SUME = “1 ” for even parity, “0" for odd 
parity 

• SUMO = “1 " for odd parity, “0" for even 
parity 

• Generate parity or check for parity errors 

• Cascaded to expand word length 

DESCRIPTION 

The most straightforward way of 
implementing the parity generator/checker is 
to take the 9-input truth table (8 inputs for the 
8-bit word, and 1 input for cascading the 
previous stage) and put it in a 256 x 4 PROM. 
Since there are 2 9 combinations and half of 
them is odd, the other half is even, the circuit 
will take 256 terms. 

An alternative is to divide the 9-bits into 3 
groups of 3-bits as shown in Figure 1 . If the 
sum of the 3-bits is odd, then the 
intermediate output SU1 , or SU2, or SU3 
equals 1. Otherwise it equals 0. The 
intermediate results are grouped together and 
SUMO becomes “1” if the sum is odd, 
otherwise SUMO equals "0”. 

The circuit is implemented using SNAP as 
shown in Figure 3. SU1 is an intermediate 
output for inputs l 0 , 1, and l 2 . In the same 
manner, SU2 and SU3 are intermediate 
outputs for l 3 , l 4 , l 5 and l 6 , l 7 , l 8 . 
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Figure 1. Block Diagram of 9-Bit Parity Generator/Checker 


RESOURCES 

The design uses up 20 product terms and 5 
control terms leaving 1 2 product terms and 4 
bi-directional I/O's to implement other logic 
designs. 



D Package 
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Figure 2. Pin Configuration 
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This circuit is a 9-bit parity generator/checker commonly used for error detection in high speed 



data transmission/retrieval. 

in[0..8] 

1; 

The odd parity output (SUMO) is high when the sum of the data bits is odd. Otherwise it is low. 

su[1..3] 

o; 

The even parity output (SUME) is high when the sum of the data bits is even. Otherwise it is low. 







SU3, SU2 and SU1 are intermediate terms. 

sume 

o; 

This design was done using the Truth Table Entry method of Philips Semiconductors SNAP 



software. 


@TRUTHTABLE 



[IN2, 

INI, 

INO : SU1] 

0 

0 

0 : 0 


0 

0 

1 : 1 


0 

1 

0 : 1 


0 

1 

1 : 0 


1 

0 

0 : 1 


1 

0 

1 : 0 


1 

1 

1 

1 

0 : 0 

1 : 1 


[IN 5, 

IN4, 

IN3 : SU2] 

0 

0 

0 0 


0 

0 

1 : 1 


0 

1 

0 1 


0 

1 

1 : 0 


1 

0 

0 ; 1 


1 

0 

1 ; 0 


1 

1 

1 

1 

0 0 

1 : 1 


[INS, 

IN7, 

IN6 : SU3] 

0 

0 

0 : 0 


0 

0 

1 : 1 


0 

1 

0 : 1 


0 

1 

1 : 0 


1 

0 

0 : 1 


1 

0 

1 : 0 


1 

1 

1 

1 

0 : 0 

1 : 1 


[SU3, 

SU2, 

SU1 : SUMO, SUME] 

0 

0 

0 : 0 

1 


0 

0 

1 : 1 

0 


0 

1 

0 : 1 

0 


0 

1 

1 : 0 

1 
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0 

0 • 1 

0 


1 

0 

1 • 0 

1 


1 

1 

0 . 0 

1 


1 

1 

1 : 1 
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Figure 3. SNAP Truth Table Entry 
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INTRODUCTION 

One of the many features of the PLS153 is 
the availability of individually controlled 
3-State I/O pins. Taking advantage of this 
feature, a Schmitt trigger may be constructed 
using one input pin, two bidirectional I/O pins 
and additional components of three resistors. 
The two threshold voltages, as well as the 
hysterisis, are determined by the values of 
the three resistors and the parameters of the 
PLS153 device, which are 1) input threshold 
voltage, V TH , 2) High output voltage, V 0 h. 
and 3) Low output voltage, Vol- The circuit 
may be simplified if Schmitt function is 
needed only on Low going High or High going 
Low, and if the hysterisis and threshold 
voltages are not important. 


DESCRIPTION 

A simplified block diagram of a non-inverting 
Schmitt trigger is shown in 1 where Ri, R 2 , 
and Ri, R 3 , form two pairs of voltage dividers 
one of which get into action at input voltage 
direction of High going Low and the other 
Low going High. Assuming that input voltage 


starts at zero volt, the output voltage is 
therefore at Vol which causes Q 2 to pull R 3 
towards ground. As the input voltage 
increases, only a fraction of the voltage is 
impressed upon the input buffer due to the 
dividing network Ri and R 3 . As soon as the 
input voltage reaches a point where Vi=Vth 
(Vjh= 1.38V typical), the output switches to 
Voh which, in turn, turns off Q 2 and turns on 
Qi. Vi will jump to a value greater than Vjh 
and Qi then pulls the input pin, through R 2 , 
towards Voh. which in turn locks the output to 
a High state even if the input voltage 
fluctuates, as long as it does not fluctuate 
outside of the designed hysterisis. When the 
input voltage goes from a High to a Low, the 
Schmitt function repeats itself except that Qi 
and Q 2 reverse their roles. 

The triggering voltages, Vh (Low going High) 
and Vl (High going Low) are: 

Vh=Vth [(R 1 +R 3 VR 3 I - Vol (R 1 /R 3 ); 

Vl=Vjh [(R 1 +R 2 VR 2 I - Voh (R 1 /R 2 ); 

where, at room temperature, Vcc = 5 OV, 
Ioh/Iql<1 mA. Vth is the threshold voltage of 


the device, typically 1 38V; Vol is the output 
Low voltage of the device, typically 0.36V at 
I Iol I <1 mA; Voh is the output High voltage 
of the device, typically 3.8V at | Ioh I <1mA. 

The implementation of 1 using PLS1 53/1 53A 
is as shown in Figures 2a and 2b. A scope 
photo of the operation of the circuit is shown 
in Figure 6. 

An inverting Schmitt triggered buffer may be 
constructed using the same principle. A 
simple block diagram of such inverter is 
shown in Figure 3a. The circuit is 
implemented as shown in Figures 3b and c. 

If the voltage levels (Vl and Vh) and the 
hysterisis are not critical, one I/O pin may be 
used to pull the input pin High and Low. 
Therefore one I/O pin and a resistor may be 
saved. The drawback is that the range of Vh 
and V L is quite limited. The circuit is as 
shown in Figure 4. 

If Schmitt function is needed only in one 
direction, one of the resistor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 


INPUT 


+Vcc 



Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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a. Using PLS153/153A 


NOTE: Schmitt trigger output may be obtained from both l 0 and B(l) 0 to drive the AND-ARRAY. 

SNAP LISTING FOR A SCHMITT TRIGGER FUNCTION. EXTERNAL RESISTORS ARE REQUIRED AS SHOWN ABOVE. 

@pinlist 
input i; 

output b 

B1 o; 

B2 o; 


@logic equations 
output = input; 

output.oe = 1 


b. SNAP Equations 
Figure 2. Schmitt Trigger 
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a. Simplified Block Diagram 


. TO OTHER ANO TERMS 


ie T <1 ~~ c> L 


b. Using PLS153 

SNAP LISTING SHOWING INVERTING SCHMITT TRIGGER FUNCTION. 

@pinlist 
input i; 

output b 

B1 o; 

B2 o; 

@logic equations 
output = / input; 

output.oe = 1 


c. SNAP Equations 


Figure 3. Inverting Schmitt Trigger 
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V L * 0.78V, Vh - 1.6V 


SNAP LISTING SHOWING SCHMITT TRIGGER USING 
ONE I/O PIN TO PULL INPUT HIGH OR LOW. 

(Spinlist 
input i; 

output b 

B1 o; 

@logic equations 
output = input; 

output.oe = 1 


Figure 4. Schmitt Trigger Using One I/O Pin 



SNAP LISTING FOR SCHM ITT TRIGGER FUNCTION 
IN THE HIGH TO LOW DIRECTION ONLY. 

@pinlist 
input i; 

output b 

B1 o; 

@logic equations 
output = input; 

outputoe = 1 


a. High Going Low Direction 



SNAP LISTING FOR SCHMITT TRIGGER FUNCTION 
IN THE LOW TO HIGH DIRECTION ONLY. 


<3>logic equations 
output 
output.oe = 


b. Low Going High Direction 


| Figure 5. Schmitt Trigger j 
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Figure 6. A Non-Inverting Schmitt Triggered Buffer 
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Ten years ago, in their search for a 
straightforward solution to complex sequential 
problems, Philips Semiconductors originated 
Programmable Logic Sequencers. Philips 
Semiconductors Programmable Sequencers 
represent a product line which combines the 
versatility of two programmable arrays (PLA 
concept) with flip-flops, to achieve powerful 
state machine architectures. 

Each arrangement or “architecture" offers a 
variation of the basic concept which 
combines two programmable logic arrays with 
some flip-flops, in an undedicated fashion. 
The PLA product terms are nel specifically 
dedicated to any particular flip-flop. All, none, 
or any mix in between may be connected to 
any flip-flop the designer chooses. The PLA 
structure therefore supports 100% product 
term-sharing as well as very wide OR 
functions preceding the flip-flops. 

Philips Semiconductors line of Programmable 
Logic Sequencers has been further 
customized to accommodate specific types of 
state machine designs. Some have both 
registered and combinatorial outputs, 
specifically for synchronous and 
asynchronous Moore-type state machines. 
Others have state or buried registers, as well 
as output registers. These devices 
(PLUS105, PLC42VA12 and PLUS405) are 
ideal for synchronous Mealy-type 
applications. 


J-K and S-R register functions are another 
benefit. The logic functions provided by these 
types of registers far exceed the capability of 
a D-type register. The functionality of the J-K 
allows the designer to optimize the logic used 
in generating state transitions. Ninety percent 
of PAL devices have D-type registers. All the 
sequencers are equipped with three state 
options for bussing operations, JK or SR 
flip-flops and some form of register 
Preset/Reset functions. 

Finally, all PLS devices have a Transition 
Complement Array. This asynchronous 
feedback path, from the OR array to the AND 
array, generates “complement” transition 
functions using a single term. Virtually hidden 
in between the AND array and the OR array 
is the Complement Array. This single NOR 
gate is not necessarily “an array," however 
the inputs and outputs of this complement 
gate span the entire AND array. The input(s) 
to the Complement Array can be any of the 
product terms from the AND array. The 
output of the Complement Array will be the 
'complement' of the product term input. If 
several product terms are connected to the 
Complement Array, their respective 
complements can also be generated. The 
output of the Complement Array is fed back 
to the AND array, whereby it can be logically 
gated through another AND gate and finally 
propagated to the OR array. The significance 
being that the complement state of several 


product terms can be generated using one 
additional AND product term. For example, if 
an efficient method of sensing that no inputs 
were asserted was needed, the designer 
could connect the output of appropriate AND 
gates to the complement NOR gate. The 
output of the NOR gate could then be used to 
condition and then set or reset a flip-flop 
accordingly. As well, he could detect a 
particular state variable combination and 
force a transition to a new state, independent 
of the inputs. Or he could combine input 
signals and state (AND) terms to generate a 
new composite term. In any of these 
applications, the Complement Array greatly 
reduces the number of state transition terms 
required. 

In order to present the material in the most 
concise fashion, a brief state equation tutorial 
is presented first. The PLUS105 description 
immediately follows. In this capsule 
description, the level of detail is expanded, so 
read it first for basic understanding. Each 
additional presentation will be done with 
regard to the fundamentals described for the 
PLUS105. Figure 3 shows the detailed 
drawing of the PLUS105 in full detail. 

Figure 4 shows a compressed rendition of the 
same diagram so that the reader can 
understand the diagram notation. The 
compressed shorthand version will be used 
for the rest of the sequencers. 



While 

[STATE 0] 





IF [U] 

THEN 

[STATE 

1) 


IF [/D] 

THEN 

[STATE 

3] 

While 

[STATE 1] 





IF [U] 

THEN 

[STATE 

2] 


IF [/D] 

THEN 

[STATE 

0] 

While 

[STATE 2] 





IF [U] 

THEN 

[STATE 

3] 


IF [/D] 

THEN 

[STATE 

1] 

When 

[STATE 3] 





IF [U] 

THEN 

[STATE 

0] 


IF [/D] 

THEN 

[STATE 

2] 

Figure 2. STATE EQUATIONS to Implement Up-Down Counter for JK 


or SR Type Flip-Flop Based Sequencer 
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State Equation Tutorial 

STATE equation entry is a convenient way to 
describe elementary sequential machines in a 
manner which is directly related to a state 
diagram of the machine. The basic 
commands are few, but can be combined in a 
powerful fashion. Figure 1 shows a 4 state 
up-down counter for a machine with an 
U(up)/D(down) input line. Figure 2 shows the 
state equation syntax to implement Figure 1 . 

The basic meaning can be summarized in the 
following way. Simply, “while in state X" if 
input “Y” occurs, “transverse to state Z”. This 
is a Moore machine model. Mealy may be 
accommodated by addition of the “with” 
operation which designates an output 
variable being associated as shown below: 

A. ) While [CURRENT STATE] 

with [OUTPUT VARIABLE] 

IF [INPUT VARIABLE] 

then [NEXT STATE] 

or 

B. ) While [CURRENT STATE] 

IF [INPUT VARIABLE] 

then [NEXT STATE] 

with [OUTPUT VARIABLE] 

If a latched output variable is desired, the 
addition of a prime notion (/) to the right of the 
output variable is required. 

The designer must assign the binary values 
of choice to specific states for a state 
equation function to be implemented. The 
Philips Semiconductors SNAP manual details 
state equation solutions with more examples, 
but the advantage of state equations is that 
the designer can be less involved with the 
internal structure of the sequencer than 
required by other methods. 


The PLUS105 

This part (Figure 3) has sixteen logic inputs 
and eight outputs. It also has eight S-R 
flip-flops tied directly to those output pins 
through 3-State buffers (common control from 
pin 19). The user may select pin 19 to be an 
Output Enable signal or an asynchronous 
preset (PR) signal which is common to all 
flip-flops. Embedded into the device are 48 
AND gates. All flip-flops are S-R type with an 
OR gate on both S and R. The designer may 
choose any number of product terms and 
connect them with any OR gate. The product 
terms can also be shared across any OR 
gate, as needed. Six of the 14 flip-flops are 
termed “buried registers" as their outputs are 
fed back to the AND array, regenerating both 
the Q and /Q state variables. There is no 
direct connection to an output. Both the input 
signals and the state variables Q and /Q are 
fed to the AND array through buffers which 
provided the TRUE (or noninverted) and 
Complement (inverted) renditions of the 
variable. This is critical for the efficient use of 
the AND array. The designer has all state and 
input variables necessary to generate any 
state transition signal to set and/or reset 
commands to the flip-flops. Because of this 
AND/OR arrangement, combined with 
complete freedom of configuration, all 
sequential design optimization methods are 
applicable. 

There are many other feature capabilities 
suitable for creative usage. For example, it is 
common practice to use the 48 product terms 
with the 6-bit buried register, treating the 
output 8-bit register as an intermediate, 
loadable data register only. This provides a 
very good bus “pipeline” for the internal 6-bit 
machine. However, other logic options can be 
accomplished by combining internal state 
information (present state) with current input 
information, generating a next state which is 
different from the current internal state. 
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The PLS155, 157, and 159A constitute a 
three part family of 20-pin sequencers that 
are well suited for high speed handshakers, 
counters, shift registers, pattern detectors 
and sequence generators. Additional 
applications include testability enhancement, 
demonstrated in the application examples of 
signature analysis and pseudo random 
number generation. The three devices are 
very similar in architecture. All have a total of 
12 possible outputs. The difference is the 
ratio of combinational I/O to registered 
outputs available. 

The PLS155 

The PLS155 is a sequencer providing four 
J-K flip-flops with a PLA having 32 logic 
product terms and 13 control product terms. 
Eight combinational I/O are available in 


addition to the four registered outputs. All of 
the state variables and combinational 
variables are presented to the output pins by 
way of 3-State inverting buffers. The 
combinational and state variable outputs are 
fully connected (fed back) back to the AND 
array in both the True and Complemented 
form of the variable. The product includes a 
special feature that allows the user to 
configure the flip-flops as either J-K or D 
flip-flops on an individual basis. A Register 
Preload feature is supported via two product 
terms (La, Lb) which permit “back loading" of 
data into the flip-flops, directly from the output 
pins. The part can now be easily forced into 
any known state by enabling La, Lb, applying 
data at the outputs (previously “3-Stated"), 
and applying a clock pulse. Register Preset 


and Reset functions are controlled in 2 banks 
of 2 registers each. Note that control product 
terms are from the OR array. 

The outputs of all variables are 3-State 
controlled by a unique partition. Pin 11 
provides an Output Enable input (OE) which 
can be asserted with the EA and EB control 
product terms. EA controls the flip-flops FO 
and FI, and EB controls F2 and F3. Each 
combinational output term has a distinct 
3-State control term (DO - D7) originating 
from the AND array of the PLA. Each 
combinational output variable can be 
programmed as inverting (active LOW) or 
non-inverting (active HIGH) by way of the 
output polarity EX-OR gate associated with 
each I/O pin. 


(LOGIC TERMS) (CONTROL TERMS) 
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The PLS157 

This sequencer features all the attributes of 
the aforementioned PLS155, however, two 
flip-flops have been added, at the expense of 
two of the combinational outputs. Pins 13 and 
18 on the PLS157 are flip-flop driven, where 
the same pins on the PLS155 are 
combinatorial, driven from the PLA. Again, all 
variables (input, output, or state variables) 
fully connect over the PLA portion with both 
True and complemented versions supplied. 


The number of product terms, the 
Complement array, Output Enable, 3-State 
configurations, Register Preload, etc., track 
the PLS155 part. As with the PLS155, distinct 
clock input on pin 1 is provided for 
synchronous operation. Register Preset and 
Reset are available in 2 banks. Pin F 4 and F 5 
are controlled from the AND array (Product 
Terms Pb and Re). The remaining 4 registers, 
F 0 - F3, are controlled by the sum terms (from 
the OR array) Pa and R*. 


Designs requiring more than 16 states but 
less than or equal to 64 states are solid 
candidates for realization with the PLS157. It 
can be configured as a Moore machine for 
counter and shifter designs from the flip-flop 
outputs, or as high speed pulse generators or 
sequence detectors with the combinational 
outputs. Mixed solutions are also possible. 
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The PLS159A 

By extending the PLS1 57 arrangement even 
further, the PLS159A can be derived. Again, 
maintaining identical input, product terms, 
Complement array and similar 3-State 
partitioning, the PLS159A also resides in a 
20-pin package. The expansion to dual 4-bit 
banks of flip-flops, at the expense of 2 


combinational outputs, enhances the number 
of available internal states while maintaining 
product term and pin compatibility. Note that 
all registers are controlled from the AND 
array in 2 groups of four. 

The PLS159A is an octal part . It readily 
enters the environment of the 8-bit data 
operand as well as the bus oriented system. 


For enhanced performance, the flip-flop 
outputs are inverted. To provide positive 
outputs for shifters and counters, the input 
variables and state feedback variables can be 
selectively inverted through an input receiver 
or the feedback path through the AND gate 
array. 
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There are three basic members in the 24-pin 
package family: The PLS167A, the 
PLS168A, and the PLS179. The PLC42VA12 
is discussed elsewhere. 

The PLS167A 

The PLS167A has 14 logic inputs and six 
registered outputs (S-R flip-flops). Six 
additional buried flip-flops reside beside the 
48 product term AND array. This device can 


support state machine designs of up to 256 
states — as two outputs feed back into the 
AND array, making a total of eight buried 
registers. There is complete feedback 
connectivity of the inputs and the state 
flip-flop outputs to the PLA AND gates. 
Organizationally it has much more in 
common with the PLS105A than the 
aforementioned 20-pin parts. The 


asynchronous Preset and the Output Enable 
are identical to the PLS1 05A. 

By having the output latched state variable 
capability, it provides an automatic buffer for 
bus based systems. The current state may be 
presented, fully stable and synchronized to a 
bus— while the internal buried machine is 
transitioning to the next state based on 
current input conditions. 
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The PLS168A 

This sequencer is a down-scaled version of 
the PLS105A. Having identical product terms, 
Complement array, asynchronous 
PRESET/Output Enable options, and 3-State 
controls, its primary difference is having 12 
inputs compared to the PLSl05A’s 16 inputs. 
However, the PLS168A can become a state 


machine of up to 1024 states due to internal 
feed back of its six state registers, plus the 
feedback of four of the eight output registers. 
The PLS168A is packaged in a 300mil-wide 
24-pin DIP or 28-pin PLCC. 

This is also an octal part, providing an 8-bit 
register to a bus based system. State 


registers, interrupt vector synchronizers, 
counters, shifters, or just about any basic 
state machine can be generated and 3-State 
interfaced to a computer bus with a 
PLS168A. Outputs provided by the positive 
asserted sense make state transitioning and 
loading of state variables straightforward. 
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The PLS179 

The PLS1 79 is architecturally similar to the 
PLS159A. The 3-State enable, number of 
product terms, flip-flop mode controls, 
register preload, etc., are all identical to the 
PLS159A. The four additional inputs are the 
dominant differentiating feature for this part 
as compared to the PLS1 59A. As with the 


PLS159A, the PLS179 Preset and Reset 
functions are controlled from the AND array 
in 2 groups of 4 registers each. 

The PLS1 79 is also an octal part. Providing 
the state contents directly to the pin through 
3-State buffers allows counters and other 
sequence generators direct access to an 
asserted low octal bus. Some design 


creativity will generate positive assertion 
through the pin inverters, for positive driven 
busses. Additional input pins expand the 
capability of the part beyond the PLS1 59A. 
Input combinations may be presented in a 
wider format, more fully decoded to the 
sequencer for faster reaction and less 
external circuitry than the PLS159A requires. 
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The PLUS405 

The PLUS405 is a functional superset of the 
PLUS105. It is also much faster. The 
performance of the PLUS405 has been 
dramatically improved relative to the 
PLS105A. Available in two speed versions, 
the operating frequencies (Vt® + tcxo) range 
from 37 to 45MHz (minimum guaranteed 
frequency). The dock frequencies, or toggle 
rate of the flip-flops, are 50MHz and 
58.8MHz, respectively. The PLUS405 has 16 
more product terms and two more buried 
state registers than the PLUS105. Equipped 
with two independent clocks, it is partitionable 
into two distinct state machines with 
independent docks. And, it contains two 


independent Complement arrays, allowing full 
benefits over both machines. 

The PLUS405 can be partitioned as one large 
state machine (16FFs) with 64 available 
p-terms using one dock and 16 inputs or 
alternately two state machines (8FFs each) 
with independent clocks, sharing 64 p-terms 
with 1 5 inputs in any combination the user 
desires. The Complement arrays can be used 
to generate the “else” transition over each 
state machine or alternately used as NOR 
gates. They can be coupled into a latch if 
needed. 

The Asynchronous Preset option of the 
PLS1 05/1 67/1 68 architectures has been 


replaced with a Programmable Initialization 
feature. Instead of a Preset to all logic “1 ”s, 
the user can customize the Preset/Reset 
pattern of each individual register. When the 
INIT pin (Pin 19) is raised to a logic “1", all 
registers are preset/or reset. The docks are 
inhibited (locked out) until the INIT signal is 
taken Low. Note that Pin 19 also controls the 
OE function. Either Initialization or OE is 
available, but not both. 

A CMOS extension to the PLUS405 is Philips 
Semiconductors PLC415, which is pin 
compatible and a functional superset of the 
PLUS405 architecture. 


October 1993 


600 





Philips Semiconductors Programmable Logic Devices 


Sequencer devices 



The Future is Here Now. 

Recent architectural extensions are currently 
available from Philips Semiconductors. These 
include the PLC415 and PLC42VA12. These 


new "Super Sequencers” are available now 
for high-end new designs. Please check the 
data sheet section of this handbook for more 


information. See also the CMOS Sequencers 
section for more design examples using the 
PLC415 and the PLC42VA12. 
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INTRODUCTION 

The PLS168/168A is a bipolar Programmable 
Logic Sequencer as shown in Figure 1 , which 
consists of 1 2 inputs, a 48 product term PLA 
and 14 R/S flip-flops. Out of the 14 flip-flops, 
six are buried State Registers (P 4 -P 9 ), four 
Output Registers (F 0 -F 3 ), and four 
Dual-purpose Registers (P 0 -P 3 ), which may 
be used as Output or State Registers. All 
flip-flops are positive edge-triggered. They 
are preset to ‘1 ” at power-up, or may be 
asynchronously set to “ 1 " by an optional 
PR/OE pin, which may be programmed either 
as a preset pin or as an Output Enable pin. 
Additional features includes the Complement 
Array and diagnostics features. 

ARCHITECTURE 

As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs P 0 to P 3 may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10 -bit state machine without 
external wiring. The AND/OR array is the 
classical PLA structure in which the outputs 
of all the AND gates can be programmed to 
drive all the OR gates. The schematic 
diagram of the AND-OR array is shown in 
Figure 3. This structure provides the user a 
very structured design methodology which 
can be automated by CAD tools, such as 
Philips Semiconductors SNAP software 
package. The output of the PLA is in the form 
of sum-of-products which, together with the 
RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of 
synchronous finite state machines.) 

Design Tools 

State machines may be implemented easily 
with the assistance of a PLD design software 
package. The software, such as Philips 
SNAP package, allows for various methods 
of design description entry. State machines 


may be described using direct H/L table entry, 
schematic entry, Boolean equations, or state 
equations. The preferred method is, of 
course, state equation entry. The syntax for 
each software package differs but is generally 
of the form: 

WHILE [present state] 

IF [input condition] then [new state] with 
[output] 

IF [input condition] then [new state] with 
[output] 

IF [input condition] then [new state] with 
[output] 

Only one input condition should be active at 
any one time, otherwise two or more product 
terms trying to force the machine into 
different states may be active simultaneously. 
The result would be a state machine in an 
unexpected state, which would not be a 
desirable condition. The manual for your 
software package should be consulted for 
specific syntax rules and options. 

Direct H/L table entry is not recommended for 
design entry, however looking at a table for 
verification of a design and for learning how 
state equations are implemented in a device 
is useful. SNAP does not provide access to a 
table from a menu entry. Instead, run the 
program 'FUSETABLE' from the DOS 
prompt. ABEL from Data I/O, provides a 
program called IFLDOC to display the 
JEDEC file in a H/L table format. Designs 
implemented in sequencer devices using JK 
or SR type flip-flops are easier to interpret in 
a H/L table format than those using D-type 
flip-flops. 

The following examples illustrate how state 
equations are implemented in a PLS168 
device. Two of them illustrate the functioning 
of the Complement Array and how it may be 
used to reduce the number of product terms 
used in a simple state machine design. The 
last example shows how only one 
Complement Array may be used in a state 
machine design which uses multiple ELSE 
statements. 


A PLS168 H/L table as shown in the data 
sheet is shown in Table 1. The table is 
organized according to input and output of 
the PLA decoding network. The lefthand side 
of the table represent the inputs to the 
AND-array, which includes input from input 
pins and present state information from the 
feedback buffers which feedback the contents 
of the State Register. The righthand side of 
the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 
inverting, non-inverting, disconnected or 
unprogrammed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 
disconnected, or unprogrammed. The 
programming symbols are H, L, — , and 0 . 
(See Figure 4 for details.) For inputs buffers, 
“H” means that the non-inverting buffer is 
connected, “L” means that the inverting buffer 
is connected, “ — " means that both inverting 
and non-inverting buffers are disconnected, 
and “ 0 " means that both inverting and 
non-inverting buffers are connected which 
causes that particular AND-term to be 
unconditionally Low. On the output side of the 
table, “H" means that the particular AND-term 
is connected to the OR-term on the “S" input 
of the particular flip-flop, “L” means that the 
AND-term is connected to the “R" side, “ — " 
means that the AND-term is not connected to 
the flip-flop at all, and “ 0 " means that the 
AND-term is connected to both the “S” and 
“R" sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an 
AND-term. There are 48 AND-terms in the 
device. Therefore, there are 48 rows in the 
table. An example of implementing a 
transition from one state to another is shown 
in Figure 4a. The state diagram can be 
implemented by the PLS168 as shown in 
Figure 4b. The state diagram is translated 
into H/L format as shown in Figure 4c. The 
first column on the lefthand side of the table 
is for the Complement Array which will be 
discussed in detail in the next section. 
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NOTES: 

1 . All programmed "AND" gate locations are pulled to logic “1 

2. All programmed “OR” gate locations are pulled to logic “0". 

3. Programmable connection. 
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Table 1. PLS168/168A Programming Table 


CUSTOMER NAME 

PURCHASE ORDER # 

PHILIPS DEVICE # CF (XXXX) 

CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE 

REV 

DATE 


AND 
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To implement the third vector “go to state 03 
if input is neither 1001 nor 1101”, the 
Complement Array accepts the outputs of the 
first two AND-terms as inputs. If the input 
vector is neither 1001 nor 1101, then both 
terms will be Low, which causes the output of 
the Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and /C 
together to set the registers to state 03. The 
State Diagram is translated into SNAP syntax 
as shown in Figure 6b, where all vectors are 
in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the SNAP 
state equation syntax and a H/L format 
representation. 


Complement Array 

An additional feature is the Complement 
Array, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement 
Array is normally Low when one or more 
AND-terms are High. If all of the AND-terms 
are Low, then the output of the Complement 


Array will be High. In this example, if each 
AN D-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the 
AND-terms will be High. Therefore, the output 
1C will be High, which will then enable the 
AND-term S which in turn may be used to 
reset all registers to Low or High as 
predefined. The state machine thus escapes 
from being in an undefined state by using the 
Complement Array and one AND-term. 

Without the Complement Array an alternate 
way of escaping from being in an undefined 
state is by defining all possible states which 
are not being defined. This method may 
require quite a few AND-terms depending on 
the design. Another application for the 
Complement Array is illustrated by the 
following example. As shown in Figure 6, 
when the machine is in state 23, if input 
vector equals 1001 , it will go to next state 24. 
If the input is 1101 , then go to state 25. But if 
the input is neither 1001 nor 1101, then go to 
state 03. It takes only two terms to implement 
the first two transition vectors. 
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ELSE/OUTg 

OOII/OUT3 OIOO/OUT4 . 


WHILE [00] 

IF [0000] THEN [01] WITH [OUTO] 
IF [0001] THEN [02] WITH [OUT1] 
ELSE [3F] WITH [OUT9J 
WHILE [01] 

IF [0010] THEN [03] WITH [OUT2] 
IF [0011] THEN [04] WITH [OUT3] 
ELSE [2F] WITH [OUT6] 

WHILE [02] 

IF [0100] THEN [05] WITH [OUT4] 
IF [0101] THEN [06] WITH [OUT5] 
ELSE [2F] WITH [OUT7] 


a. State Diagram 


b. SNAP State Equation 
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c. PLS168 Programming Table 


Figure 7. Applications of Complement Array 
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Optional Preset/Output Enable 

The PR/OE pin provides the user with the 
option of either using that pin to control the 
3-State output buffers of the Output 
Registers, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are 
sometimes used where the state machine is 
connected to a bus which is shared by other 
output circuits. It is also used during 
power-up sequence to keep the PLS168 from 
sending power glitches to other circuits which 
it drives. By programming the PR/OE pin to 
control the 3-State output buffers, the preset 
function is permanently disabled. By 
programming the PR/OE pin to control the 
asynchronous preset of the registers, the 
output buffers are permanently enabled. 

While using the preset function to 
asynchronously preset the register, if a rising 
edge of the clock occurs while the preset 
input is High, the registers will remain preset. 
Normal flip-flop operation will resume only 
after the preset input is Low and the rising 
edge of the next clock. Setting the registers 
to a predefined pattern other than all Highs 
may be accomplished by using a dedicated 
p-term, which is activated by an input pin 
which will also inhibit all other p-terms which 
are being used. The inhibiting of other 
p-terms eliminates the problem of 
undetermined state of an RS flip-flop caused 
by having Highs on both R and S inputs. 


Diagnostic Features 

In debugging a state machine, sometimes it 
is necessary to know what is the content of 
the state register. The buried State Register 
may be read by applying +10V on l 0 , which 
will cause the contents of register bits P 4 to 
P 5 , P 6 to Pg to be displayed on output pins F 2 
to F 3 and P 0 and P 3 respectively. While the 
device can handle the +10V on pin lo, 
prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at +10V. To facilitate more 
expedient functional tests, synchronous 
preset vectors as described above may be 
used to set the State Register to different 
states without having to go through the entire 
sequence. 

Timing Requirements 

Since the PLS1 68 is intended to be a 
synchronous finite state machine, the inputs 
are expected to be synchronous to the clock 
and set-up and hold time requirements are 
expected to be met. In general, the set-up 
time requirement is measured at its worst 
case as having the entire AND-array 
connected to the OR-term being measured 
and there is only one active AND-term to 
drive the entire line. The set-up time 
decreases from there as less p-terms are 
used. This is due to the capacitance of the 
unused AND-terms being removed from the 
line. Figure 8a shows the typical set-up time 
requirement of a PLS168A device. Figure 8b 
shows the normalized set-up time as a 
percentage of the worst case, which is with 


48 terms connected. In a typical state 
machine design, some flip-flops will change 
states more frequently than others. Those 
that change more frequently will have more 
p-term loading on its OR gates than those 
that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock’s rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is 
in an undefined state. This problem often 
occurs with asynchronous inputs which is 
generated totally independent of the clock on 
the system. A common remedy for the 
problem of asynchronous inputs is to use 
latches or flip-flops to catch the input and 
then synchronously feed it to the state 
machine. This minimizes the problem with the 
different propagation delays due to different 
p-term loading. But there is still a finite 
probability that the external latches or 
flip-flops will get into metastable condition, 
which may be propagated into the state 
machine. Nevertheless, the window for the 
flip-flops in state machine to get into 
undefined states or metastable condition is 
narrowed by a great extent. 
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APPENDIX A 

INTRODUCTION TO STATE 
MACHINE 

A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in 


hardware, can run much faster than a 
computer running the sequence in software. 
Therefore, it is often used in controller 
applications where speed is important. 

Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures la and 1b. The fundamental 
difference of the two types are: the output of 
a Moore machine is a dependent of only the 


state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the logic 
sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 
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APPENDIX B 

LOGIC PROGRAMMING 

The PLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n , is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 


“AND” ARRAY - (I), (P) 


PRESET/DE - (P/E) 



OPTION 

CODE 

OE 

L 


OPTION 

CODE 

PRESET 

H 


PROGRAMMING: 


The PLS1 68/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 


tc 


V. 


STATE 


INACTIVE 1 ' 2 


— GCT- 

i, p 


V. 





M 




V, 





mam 


' I.P 



) 

Tn 

STATE 

i mzzm 

DON’T CARE 



“OR” ARRAY - (N), (F) 



“COMPLEMENT” ARRAY - (C) 



NOTES: 

1 . This is the initial unprogrammed state of all links. 

2. Any gate T n will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n . 


October 1 993 


614 
































Philips Semiconductors Programmable Logic Products 


Application Note 


Alarm Controller 


AN047 


A Programmable Alarm System - 
PLS168 

A basic alarm controller can be considered as 
a black box with several inputs and several 
outputs (Figure 1). Some inputs are used for 
detection and others for control. Detect inputs 


are driven from a variety of alarm transducers 
such as reed switches, smoke detectors, 
pressure mats, etc. An ARM input switches 
the system into a state which allows detection 
of the various alarm conditions and a RESET 


input is used to reset the system after an 
alarm has been triggered and dealt with or on 
re-entering the protected area. Outputs from 
the system include a sounder, a beacon and 
status indicators. 



arm-reset/ 

sounder 


- arm-fire-peratak- 
arm*reset/sounde 


■ fire/sounder- 


Sounder-off delay* 

fire*(arm -reset/ fire/sounder 

soundek. / 


"•^sou 


arm-reset/_ 
t sounder 


TOST NULL 


■ alarm 1 • fire/sounder ■ 

■ alarm 2 -fire/ sounder ■ 

■ alarm 3 -Tre/ sounder * 


exit delay-fire-(arm-reset) 


. arm-reset 
sounder 


TOST NULL 


IT alarm 1 -fire/ sounder^ 
| ’'■alarm 2-fire/sounder^ 
alarm 3-ffre/sounder', 
■entry delay •fire/sounder-' 


TOST NULL 


-arm-reset/sounc 


Figure 2. State Diagram for the Alarm Controller 
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Detect inputs can be divided into timed, 
untimed, fire and personal attack inputs. 
Timed circuits allow entry/exit delay circuits 
for front and rear doors, to delay operation of 
the alarm for approximately 16 seconds. 
Untimed circuits cause the alarm to operate 
immediately when an alarm condition occurs. 
These would be used to protect unusual 
means of entry, such as windows. Both the 
timed and untimed circuits should operate 
only if the system is armed. 

The personal attack circuit is a special case 
untimed circuit and should operate only when 
the system is disarmed. The fire-detect circuit 
is again a special case untimed circuit and 
should operate regardless of whether the 
system is armed or not. 

Outputs from the controller drive an external 
sounder and beacon. After 128 seconds, the 
sounder should turn off if the alarm has been 
triggered by either a timed or general untimed 
circuit. However, when a fire or personal 
attack triggers the system, the sounder 
should not turn off until the system is reset 
and the alarm condition removed. 

State Machine Implementation 

This design is best implemented as a state 
machine. The state diagram is derived from 
the verbal system description. Please note 
from Figure 2 the controller can be in one of 
six possible states. Examine the transitions 


from ST_NULL as an example. If a personal 
attack or fire condition occurs while in this 
state, a transition to ST_ 1 takes place as 
indicated by the arrows on the diagram. Also 
at this time the sounder and beacon are 
activated, thus giving the alarm. If the fire and 
personal attack conditions have not occurred 
and the ARM SWITCH is set, then a 
transition to ST_0 takes place. 

Similarly, other arrows on the state diagram 
represent transitions between other states 
when specified input conditions occur. Output 
parameters are shown to the right of the 
slash line. Where there are no output 
parameters specified in a transition term, this 
indicates that no output changes are desired 
during this transition. That is, an output will 
hold its present value until told to change. 

PLD Implementation 

Having defined the desired system operation 
it is now time to select the required device to 
implement the desired system function from 
the PLD Data Manual. In this case, the 
device selected is the PLS168. Figure 3 
shows the pinning information for the alarm 
controller. A 10-bit counter within the 
controller produces the entry/exit and 
sounder turn-off delays since this makes 
more efficient use of the PLD facilities than 
implementing the delays as part of the state 
machine. This counter uses seven internal 


registers with feedback and three without. For 
those registers without feedback, external 
wiring feeds their outputs back into the device 
to complete the 20-bit counter. Pins five to 
ten are used for this purpose. Output T7 also 
forms part of the counter. 

Three other registers form the state registers 
and are labeled SRO, SRI and BEACON. 
State vectors for these registers have to be 
chosen with care to ensure that the beacon 
output is activated at the correct time. Other 
inputs and outputs are as already discussed. 
Note that the PR/OE pin is not used. SNAP 
defaults its use to a register PRESET 
function. This pin should be tied to ground in 
the final circuit. 

The EQN file of SNAP is separated into 
sections. First, in the @PINLIST section all 
of the signal names connected directly to the 
pins and their function is listed. If a signal 
name is used later in the file and not listed in 
the @PINLIST section, that signal is 
assumed to represent an internal node. The 
@PINLIST and @LOGIC EQUATIONS 
sections of the EQN file are shown in Table 1 . 
The remaining state machine portion of the 
EQN file is shown in Table 2. Register SRO 
halts and clears the counter while the 
controller is in certain states. This needs to 
be considered when defining the state 
vectors. 
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TABLE 1. SNAP EQUATIONS 


ALARM CONTROLLER 


8PINLIST 
clock i; 
arm 1; 
reset 1; 
peratak i; 
t8in i; 
t9in i; 
tlOin i; 
alarm3 1; 
alarm2 i; 
alarml 1; 
tlmed2 i; 
tlmedl 1; 
fire i; 

tlO o; 

t9 o; 

t8 o; 

t7o o; 

sounder o; 
beacon o; 
srl o; 
srO o; 

8GROUPS 
0TRUTHTABLE 
e LOGIC EQUATIONS 
"ten-bit counter for delay" 

tl.s = /tl*/srO; 

tl.r = tl*/srO + srO; 

tl.clk = clock; 

t2.s = tl*/t2*/sr0; 

t2.r = tl* t2*/sr0 + srO; 

t2.clk = clock; 

t3.s = tl* t2*/t3*/sr0; 


t3.r = 

tl* t2* 

t3*/sr0 

+ srO; 


t3.clk 

= clock; 






t4 . s = 

tl* t2* 

t3*/t4*/sr0 



t4 . r = 

tl* t2* 

t3* 

t4*/sr0 

+ srO; 

t4 . elk 

= clock; 






t5 . s = 

tl* t2* 

t3* 

t4*/t5*, 

/ srO 


t5 . r = 

tl* t2* 

t3* 

t4* 

tS*/srO 

+ srO ; 

t5 . elk 

= clock; 






t6 . s = 

tl* t2* 

t3* 

t4* 

t5*/t6*, 

/srO; 

t6.r = 

tl* t2* 

t3* 

t4* 

t5* 

t6*/sr0 + srO; 

t6.clk 

= clock; 






t7 . s = 

tl* t2* 

t3* 

t4* 

t5* 

t6*/t7*/sr0; 

t7.r = 

tl* t2* 

t3* 

t4* 

t5* 

t6* 

t7*/sr0 + srO; 

t7 . elk 

= clock; 






t7o=t7 ; 







t8 . s = 

tl* t2* 

t3* 

t4* 

t5* 

t6* 

t7*/t8in*/sr0; 

t8 . r = 

tl* t2* 

t3* 

t4* 

t5* 

t6* 

t7* t8in*/sr0 + srO; 

t8.clk 

= clock; 






t9 . s = 

tl* t2* 

t3* 

t4* 

t5* 

t6* 

t7* t8in*/t9in*/sr0; 

t9 . r = 

tl* t2* 

t3* 

t4* 

t5* 

t6* 

t7* t8in* t9in*/sr0 + srO; 

t9 . elk 

= clock; 






tlO . s= 

tl* t2* 

t3* 

t4* 

ts* 

te* 

t7* t8in* t9in*/tl0in*/sr0 

tlO . r= 

tl* t2* 

t3* 

t4* 

t5* 

t6* 

t7* t8in* t9in* tlOin*/srO 


tlO.clk = clock; 
srO.clk = clock; 
srl. elk = clock; 
beacon. elk = clock; 

sounder.dk = clock; (EQN file continued in Table 2) 
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State Equation Entry 

The state equation entry portion of the EQN 
file uses a state-transition language, 
parameters of which are taken directly from 
the state diagram. Information is entered into 
this file in a free format. The only points to 
remember are that the square brackets 
should be used throughout to define the state 
registers and transitions, semicolons should 
be used to mark the end of vector definition. 
State vectors can be defined in the state 
equation entry file as shown in Table 2. State 
vectors are simply a means of labeling an 
arrangement of state registers which can be 
used later to define state transitions. Because 
we are using the BEACON output register as 
a state register also and SRO is being used to 


halt and clear the 10-bit counter, particular 
care must be taken in defining the state 
vectors in this instance. 

From the state diagram, the counter must 
begin counting during states ST_0, ST_2 and 
ST_3 and it must be cleared during states 
ST_1, ST_4 and ST_NULL. State ST_NULL 
represents the power-up state of the PLS168 
in which all register outputs are at logic one. 
Thus the inactive state of the counter is 
defined as being when SRO is at logic one, 
therefore, SRO must be at this level during 
states ST_ 1 and ST_4 and at logic zero 
during other states. The alarm beacon is 
considered to be active by an active-low 


signal and must be activated during states 
ST_3 and ST_4. Register SRI must therefore 
be chosen to ensure mutual exclusivity 
between state vectors. Input and output 
vectors can be defined in the same manner in 
terms of input and output label names. In this 
case, however, the label names are used 
directly. State transitions can now be derived 
directly from the state diagram. Entry/exit 
and sounder turn-off delay times are 
represented as a decoding of the 10-bit 
counter states. Thus to get the desired 1 6 
second entry/exit delay. t7 must be decoded 
and to achieve the 1 28 second sounder 
turn-off delay HOin must be decoded. 
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TABLE 2. SNAP EQUATIONS 


8 INPUT VECTORS 
8 OUTPUT VECTORS 
[sounder] srf f 
s_on = Ob; 
s off = lb; 

8STATE VECTORS 

[srO, srl, beacon] srff 

st_null = 111b; 

st_0 = 001b; 

st_l = 101b; 

st_2 = 011b; 

st_3 = 010b; 

st_4 = 100b; 

8TRANSITIONS 

while [st_null] 


if [arm*/fire*/peratak] 
if [peratak] 

then 

then 

[st_0] 

[ st_4 ] 

with 

[s on] 

if [fire] 

then 

[ st_4 ] 

with 

[s on] 

while [st 0] 

if [t7*/fire* (arm+reset) ] 
if [/arm*/reset] 

then 

then 

[st_l] 

[st null] 

with 

[s_off] 

if [fire] 

then 

[st_4] 

with 

[s_on] 

while [st_l] 

if [timedl*/f ire] 
if [timed2*/fire] 
if [alarml*/fire] 

then 

then 

then 

[st_2] 

[ st_2 ] 
[st_3] 

with 

[s on] 

if [alano2*/fire] 

then 

[st_3] 

with 

[s on] 

if [alarm3*/fire] 

then 

[st_3] 

with 

[s on] 

if [/arm* /re set] 

then 

[st_null] 

with 

[s_off ] 

if [fire] 

then 

[st_4] 

with 

[s on] 

while [st 2] 

if [t7*/fire] 

then 

[st_3] 

with 

[s on] 

if [alarml*/f ire] 

then 

[st_3] 

with 

[s on] 

if [alann2*/fire] 

then 

[st_3] 

with 

[s on] 

if [alarm3*/fire] 

then 

[st 3] 

with 

[s on] 

if [/arm*/reset] 

then 

H 

H 

P 

c i 

■P 

<0 

with 

[ s o f f ] 

if [fire] 

then 

[st_4] 

with 

[s on] 

while [st 3] 

if [tl0in*/f ire* (arm+reset) ] then [st 4] 

with 

[ s off] 

if [/arm*/reset] 

then 

[st_null] 

with 

[s off] 

if [fire] 

then 

[st_4] 

with 

[s on] 

while [st 4] 

if [/arm*/reset] 

then 

[st_null] 

with 

[ S 0 f f ] 
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Figure 3. Pinning Information for the Alarm Controller 



With the system fully defined, simply 
assemble the design information using SNAP. 

Functioning of the device can be verified with 
the SNAP simulator, which can also be used 
to check A.C. timings before downloading the 
pattern to a device programmer. 

Programmability 

The PLS168 device could now be used as 
the controller of an alarm system. As it 
stands, the device assumes that all the alarm 


inputs indicate an alarm condition when in the 
high state, logic one, and that the alarms are 
activated when the alarm outputs are active 
low (i.e., at logic zero). 

Should an alarm input transducer be used 
which indicates an alarm condition as a low 
state, this can be catered for by altering the 
EQN file. For example, consider a smoke 
detector which outputs logic zero on 
detection of an alarm condition and assume 
that this transducer is driving the "fire" input 


of the device. By changing all references to 
‘fire’ in the EQN file to '/fire' and all instances 
of ‘/fire’ to ‘fire’ then the activation of the 
alarms will occur when logic zero is applied to 
this input and not when logic one is applied, 
as in the original case. 

Polarity of the output signals cannot be 
altered as easily, as the device will always 
power-up with the outputs at logic one. This 
should not prove to be a problem since the 
outputs simply drive output transistors and 
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these can be used to produce the correct 
polarity signal for the beacon and sounder. 

System Implementation 

Figure 2 shows a typical alarm system based 
on this device. The system clock is produced 
by a relaxation oscillator built from 74HC132 
Schmitt Triggers. Values of Rt and Ch shown 
result in a frequency of approximately 4Hz 
which will provide the desired entry/exit and 
sounder turn-off delays. These delays can be 


modified either by changing the external 
oscillator circuit or by decoding a different 
internal counter state. For example, to 
increase the entry/exit delay change all 
references to t7 in the EQN file to t8. Both 
normally-closed and normally-open loop 
implementations are shown. Due to the 
distances involved in an alarm system, the 
open-loop configuration may cause problems, 
being driven by the positive supply, to avoid 


this problem, input-detect polarity of the 
open-loop circuit can be changed by altering 
the EQN file. 

Status indication can be provided by 
connecting LEDs as in Figure 5. When the 
reset button is pressed, any LED being lit will 
indicate an alarm condition for that input. This 
will not reset the alarm system unless the 
arm switch is off. 



Figure 5. Status LEDs Connected to the alarm 
controller as shown provide status information 
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INTRODUCTION 

The general technique underlying the 
operation of this A/D converter is illustrated 
by the functional block diagram in Figure 1. 
The system consists of a D/A converter, a 
comparator circuit, and digital logic circuitry. 
The digital logic circuitry outputs a digital 
value which is converted to analog by the D/A 
converter. 

The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial 
conversion is completed in 13 dock cydes. If 
tracking mode is used, the A/D converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1 -LSB per 
dock. The tracking function makes it possible 
to make an A/D conversion in one dock cyde 
if the input changes less than the value of 
1-LSB per dock period. The conversion may 
be halted and the digital output, as well as 
the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog sample/hold 
will decay due to charge leakages. 

In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
drcuitry and the latch of the comparator (see 
Philips Semiconductors NE5105 data sheet 
for details on output latches of voltage 
comparators). 

The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 
keep the input to the ADC from changing. 

The DONE output may be used to control the 
sample-and-hold if needed. 

This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 


Counter. The analog circuits are not within 
the scope of this paper. 

SAR 

Two PLS1 79s are connected together to form 
a 1 2-bit shift register and up/down counter. 
The schematic diagram of the A/D converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After the 
nST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to 
half-scale (1000 0000 0000) and the DONE 
flip-flop is reset to output 0 which causes the 
open-collector output nDone_OC to become 
high impedance. 

The digital output is converted by the DAC 
and is compared to the analog input voltage 
by the comparator. If the digital output is 
greater than the analog input, the SAR shifts 
the 1 to next MSB on the right. The content of 
the SAR becomes (0100 0000 0000). If the 
digital output is still greater than the input, the 
SAR shifts right one bit again. The content of 
the SAR then becomes (0010 0000 0000). 
The shifting of 1 to the next MSB in 
equivalent to reducing by half the value of the 
bit under consideration. If the output is still 
too large, the SAR reduces it by half again by 
shifting to the right one more time. The SAR 
keeps shifting to the right until the digital 
output is less than the input. When the output 
is less than the input, the SAR adds one bit to 
the next MSB while keeping all the higher 
order bits unchanged. For example, if the 
current output is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 


is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 
12 bits have been operated on. The last bit 
(Bit 0) is always changed from 0 to 1 , which 
is used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/nDONE_OC, to 0. 

UP/DOWN COUNTER 

After DONE becomes 1, if /nST and nHOLD 
are 1 and nTRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will 
decrement by 1 . When nHOLD becomes 0, 
the counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for 
directional control. The counter will operate 
only after the approximation cycle is 
completed and DONE is 1 . 

Since the nST and nHOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a 
metastable condition from happening, these 
inputs close-up are latched by flip-flops 
nSTART of U1 and nHLD of U2 respectively. 
Once they are latched, subsequent operation 
begins at the rising-edge of the next clock. 
The output of the comparator may be latched 
to prevent setup time violation. (Philips 
Semiconductors NE5105 is a high-speed 
comparator with an output latch. External 
latch may be used with other comparators.) 


ST- 
THSCK- 
HQ CO- 


ANALOG INPUT— 


12-BIT SAR 
AND 

UP/DOWN COUNTER 


LATCH 

ENABLE 


< 




-DONE 

- DonE oc 

- CLOCK 1 
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^>1M 


BIT DATA OUTPUT 


Figure 1. Functional Block Diagram of 12-Bit High-Speed A/D Converter 
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CLOCKS 

U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1 . CLOCK2 is used to drive the 
clock-inputs of the PLS179 devices. 

The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 
should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than lOOOpF for 
best results. 

DONE AND nDONE_OC 

The output DONE is reset to 0 when nST is 
0. It remains 0 until the approximation cycle is 
completed. After the least significant bit 
becomes 1, the DONE bit becomes 1 at the 
next clock. It remains 1 until it is reset again 
by input nST. 

The nDONE_OC output is configured to 
emulate an open-collector output. The output 
is programmed to have a logic 0. When 
DONE is 0, the 3-State output buffer is set to 


Hi-Z condition. As soon as DONE equals 1, 
the 3-State buffer is enabled and 
nDONE_OC becomes 0. 

In the initial phase of A/D conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 
the front end. The DONE output may be used 
to control the analog sample/hold circuit. 


INPUT LATCHES 

Flip-flop nSTART and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, nST, and the output nSTART have the 
same polarities. Flip-flop nHID and 2 p-terms 
in U2 also form a non-inverting D flip-flop. 

The output nHLD and the input nHOLD have 
the same polarities. 


AMAZE IMPLEMENTATION 

The implementation of the logic circuit using 
ABEL is as shown in the appendices. Two 
files (ADCS1 .ABL and ADCS2.ABL) are 
generated for each PLS179s. State machine 


and Boolean equation design entries are 
used for both files. 

The SAR circuit is designed as a state 
machine and the up/down counter, input 
latches, 2-phase clocks and the 
open-collector output are implemented by 
using Boolean equations. BIT0 to 4 are 
described in ADCS2 and BIT5 to 11 are in 
ADCS1. Toggle flip-flops are implemented by 
the JK flip-flops (when .J=.K). In order to 
combine two different design entries into one 
device, pin attribute assignment 'ISTYPE 
REG_JK’ must be given to keep output 
registers type consistency (ABEL will default 
state machine to D-F/F). 

Test vectors are also supplied with each 
design file to simulate SAR and up/down 
counter functions. Note that U2 will not start 
functioning until BIT5 and U1 becomes 1 and 
ripples into U2. When nST becomes 0,it 
clears all the state registers and next 
conversion cycle begins. The files are then 
compiled and simulated to produce the 
JEDEC files (ADCS1.JED and ADCS2.JED) 
and the simulation files (ADCS1 .SIM and 
ADCS2.SIM). 
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APPENDIX A: ABEL DESIGN FILE OF U1 


MODULE ADCS1; 







TITLE ' SAR AND 

UPDOWN COUNTER FOR THE BITS . .BIT11 


PHILIPS 

SEMICONDUCTORS' 




DECLARATIONS 







ADCS1 DEVICE ' 

F179 

' ; 




"Signal names preceding with a ' n 

' means 

active low' . 


"INPUTS 







CLOCK, nST 

.COMPARE, 

nHLD , nTRACK 

PIN 1,2, 3, 4,5; 


BIT4 , BIT3 

, BIT2 

, BIT1.BIT0, 

DONE 

PIN 6, 7,8, 9, 10, 11; 


"OUTPUTS 







BIT5,BIT6 

, BIT7 

BIT8, BIT9 

PIN 15,16,17,18,19 ISTYPE 

' REG JK' ; 

BIT10, BIT11, nSTART 


PIN 20,21,22 ISTYPE 

' REG_JK' ; 

H,L,CK,X 

= 1, 

0, . 

C., .X. 




"GREATER 

means 

digital output is greater than analog input. 


"LESS means digital output is less than analog inputs, . . . 


GREATER = 

COMPARES !BIT4i IBIT3& !BIT2S IBIT1& iBITO&nSTS ! DONE ; 


LESS = 

! COMPARES IBIT4& !BIT3£ !BIT2S !BITl£ IBITOSnSTS ! DONE ; 


SREG = [nSTART 

BIT11, BIT10, BIT9, BIT8, BIT7 , BIT6, BITS] ; 


BEGIN 

= 

[X, 

x,x,x. 

x,x,x,x 

J; 


INIT 

= 

to. 

o, o, 0, 

0,0, 0,0 

]; 


HALFSCALE 

= 

[1, 

1,0,0, 

0,0, 0,0 

]; 


ST2048 

= 

[1, 

1, o, 0, 

0, 0, 0, 0 

]; 


ST1024 

= 

[1, 

x, 1 , o, 

0,0, 0,0 

]; 


ST512 

= 

[1, 

X,X, 1, 

0,0, 0,0 

]; 


ST256 

= 

[1, 

x,x,x. 

1,0, 0,0 

]; 


ST128 

= 

[1, 

x,x,x. 

x, 1 , 0 , 0 

]; 


ST64 

= 

[1, 

x, x,x. 

X,X, 1, 0 

]; 


ST32 

= 

[1, 

x,x,x, 

X,X,X, 1 

3; 


AD1024 

= 

[X, 

x, 1,X, 

x,x,x,x 

]; 


AD512 

= 

[X, 

X,X, 1, 

x,x,x,x 

]; 


AD256 

= 

[X, 

x,x,x, 

1,X,X,X 

]; 


AD128 

= 

[X, 

x, X, X, 

X, I,X,X 

]; 


AD64 

= 

[X, 

X,X, X, 

X,X,1,X 

]; 


AD32 

= 

[X, 

x,x,x. 

X,X,X, 1 

]; 


AD16 

= 

[1, 

x,x,x. 

x,x,x,x 

]; 


SH1024 

= 

[X, 

0,1, X, 

x,x,x,x 

]; 


SH512 

= 

[X, 

X,0,1, 

x,x,x,x 

3; 


SH256 

= 

[X, 

X,X, 0, 

1,X,X,X 

]; 


SH128 

= 

[X, 

x,x,x, 

0,1,X,X 

]; 


SH64 

= 

[X, 

x,x,x. 

x, 0, 1,X 

3; 


SH32 

= 

[X, 

x,x,x. 

X,X,0,1 

]; 


SH16 


[X, 

x,x,x, 

X,X,X, 0 

]; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 


EQUATIONS 



SREG.CLK 

= CLOCK; 


"Non- Inverting Input Latch: nSTART = nST 
nSTART.J = ! nST ; 
nSTART .K = nST; 


"UPDOWN COUNTER" 

BITS . J = 1 nSTART. Q & InTRACK £ DONE £ nHLDfi COMPARE £ 

!BITO £ !BIT1 £ !BIT2 £ !BIT3 £ !BIT4 



! nSTART. Q £ InTRACK £ DONE £ nHLDfi ! COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4; 


BITS .K = 

I nSTART. Q £ InTRACK £ DONE £ nHLDfi COMPARE £ 

IBITO £ IBIT1 £ IBIT2 £ IBIT3 £ IBIT4 

# 

I nSTART. Q £ InTRACK £ DONE £ nHLDfi (COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4; 


BIT6.J = 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ COMPARE £ 

IBITO £ IBIT1 £ IBIT2 £ IBIT3 £ IBIT4 £ BIT5.Q 
# 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ I COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4 £ IBIT5.Q; 


BIT6.K = 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ COMPARE £ 

IBITO £ IBIT1 £ IBIT2 £ IBIT3 £ IBIT4 £ BIT5.Q 
# 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ I COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4 £ IBIT5.Q; 


BIT7.J = 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ COMPARE £ 

IBITO £ IBIT1 £ IBIT2 £ IBIT3 £ IBIT4 £ BIT5.Q £ BIT6.Q 
# 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ (COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4 £ IBIT5.Q £ IBIT6.Q; 


BIT7.K = 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ COMPARE £ 

IBITO £ (BIT1 £ IBIT2 £ IBIT3 £ IBIT4 £ BIT5.Q £ BIT6.Q 
# 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ I COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4 £ IBIT5.Q £ IBIT6.Q; 


BIT8.J = 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ COMPARE £ 

IBITO £ IBIT1 £ IBIT2 £ IBIT3 £ IBIT4 £ BIT5.Q £ BIT6.Q 

£ BIT7.Q 


I nSTART. Q £ InTRACK £ DONE £ nHLD £ I COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4 £ IBIT5.Q £ IBIT6.Q £ 

IBIT7.Q; 

BIT8.K = 

I nSTART. Q £ InTRACK £ DONE £ nHLD £ COMPARE £ 

IBITO £ IBIT1 £ IBIT2 £ IBIT3 £ IBIT4 £ BITS . Q £ BIT6.Q 

£ BIT7.Q 


I nSTART. Q £ InTRACK £ DONE £ nHLD £ I COMPARE £ 

BITO £ BIT1 £ BIT2 £ BIT3 £ BIT4 £ IBIT5.Q £ IBIT6.Q £ 

IBIT7.Q; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 


BIT9.J = ! nSTART . Q £ fnTRACK £ DONE £ nHT.n £ COMPARE £ 

!BIT0£ !BITl£ !BIT2£ !BIT3£ !BIT4£ BITS . Qfi BIT6.Q£ BIT7.Q£ BIT8.Q 

# 

! nSTART . Q £ ! nTRACK £ DONE £ nHLD £ {COMPARE £ 

BITO £ BITlfi BIT2£ BIT3£ BIT4£ 'BITS. Qfi 'BIT6.QS !BIT7 .Qfi (BIT8.Q; 

BIT9.K = ! nSTART . Q £ fnTRACK £ DONE £ nHLD £ COMPARE £ 

fBITOfi ! BITlfi !BIT2£ !BIT3fi !BIT4fi BIT5 .Qfi BIT6.Q£ BIT7.Q£ BIT8.Q 

# 

•nSTART. Q £ fnTRACK & DONE £ nHLD £ ! COMPARE £ 

BITO £ BITlfi BIT2fi BIT3£ BIT4£ !BIT5.Q£ fBITS.Qfi !BIT7.Qfi !BIT8.Q; 

BIT10.J = ! nSTART .Q £ fnTRACK fi DONE £ nHLD £ COMPARE £ 

fBITOfi ! BITlfi !BIT2£ !BIT3£ !BIT4£ BIT5.Q£ BIT6.Q£ BIT7.Q£ BIT8.Q£ BIT9.Q 

# 

! nSTART. Q £ fnTRACK £ DONE £ nHLD £ ! COMPARE £ 

BITOfi BITlfi BIT2£ BIT3fi BIT4£ !BIT5 .Qfi !BIT6.Q£ !BIT7.Q£ !BIT8.Q£ !BIT9.Q; 

BIT10.K = fnSTART.Q £ fnTRACK £ DONE £ nHLD £ COMPARE £ 

fBITOfi ! BITlfi !BIT2£ !BIT3£ !BIT4£ BIT5.Q£ BIT6.Q£ BIT7.Q£ BIT8.Q£ BIT9.Q 

# 

fnSTART.Q £ fnTRACK £ DONE £ nHLD £ ! COMPARE £ 

BITOfi BITlfi BIT2£ BIT3£ BIT4£ !BIT5.Q£ !BIT6.Qfi !BIT7 .Qfi !BIT8.Q£ !BIT9.Q; 

BIT11.J = fnSTART.Q £ fnTRACK £ DONE £ nHLD £ COMPARE £ 

fBITOfi fBITlfi !BIT2£ !BIT3£ !BIT4£ BIT5 .Qfi BIT6.QS BIT7.Q£ BIT8.Q£ BIT9.Q£ BIT10.Q 

# 

fnSTART.Q £ fnTRACK £ DONE £ nHLD £ f COMPARE £ 

BITOfi BITlfi BIT2£ BIT3£ BIT4£ fBITS.Qfi !BIT6.Q£ !BIT7.Q£ !BIT8.Q£ !BIT9.Q£ (BIT10.Q; 

BIT11.K = fnSTART.Q £ fnTRACK £ DONE £ nHLD £ COMPARE £ 

fBITOfi fBITlfi !BIT2£ !BIT3£ fBIT4£ BITS. Qfi BIT6.Q£ BIT7.Q£ BIT8.Q£ BIT9.Q£ BIT10.Q 

# 

fnSTART.Q £ fnTRACK £ DONE £ nHLD £ ! COMPARE £ 

BITOfi BITlfi BIT2£ BIT3£ BIT4£ !BIT5.Q£ !BIT6.Q£ !BIT7.Q£ !BIT8.Q£ !BIT9.Q£ fBITlO.Q; 
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STATE_ 

_DIAGRAM SREG; 

STATE 

BEGIN: 


if !nST then INIT; 

STATE 

INIT : 


if nST then HALFSCALE; 

STATE 

ST2048: 

if GREATER then SHI024 

if LESS then AD1024; 

STATE 

ST1024 : 

if GREATER then SH512 

if LESS then AD512; 

STATE 

STS12 : 

if GREATER then SH256 

if LESS then AD256; 

STATE 

ST256 : 

if GREATER then SH128 

if LESS then AD128; 

STATE 

ST128 : 

if GREATER then SH64 
if LESS then AD64; 

STATE 

ST64: 

if GREATER then SH32 
if LESS then AD32; 

STATE 

ST32 : 

if GREATER then SH16 

if LESS then AD16; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 


TEST VECTORS 




( [nST, nHLD, nTRACK,BIT4,BIT3,BIT2, BIT1, BITO, DONE 

CLOCK, COMPARE] 

- [nSTART , BIT11 , BIT10 , BIT 9 , BIT8 , BIT7 , BIT 6 , BITS ] ) 


[1,1, 1,0, 0,0, 0,0, 0,0 ,0] -> 

[1,1, 1,1, 1,1, 1,1]; 

”1 

power-on reset 

[1,1, 1,0, 0,0, 0,0, 0, CK, 0] -> 

[1,1, 1,1, 1,1, 1,1]; 

"2 


[1,1,1, 0,0, 0,0,0, 0,CK, 0] -> 

[1,1, 1,1, 1,1, 1,1]; 

"3 


[0,1,1, 0,0, 0,0,0, 0, CK, 0] -> 

[0,0, 0,0, 0,0, 0,0]; 

"4 

nST resets outputs to 0s 

[0,1, 1,0, 0,0, 0,0,0, CK, 0 ] -> 

[0,0, 0,0, 0,0, 0,0]; 

"5 


[0,1, 1,0, 0,0, 0,0, 0,CK, 0] -> 

[0,0,0,0,0,0,0,0]; 

"6 


[1,1, 1,0, 0, 0,0,0, 0,CK, 0] -> 

[1,1,0,0,0,0,0,0]; 

"7 

State machine goes to HALFSACLE 

[1,1, 1,0, 0,0, 0,0, 0, CK, 1] -> 

[1,0,1,0,0,0,0,01; 

"8 

and SAR begins 

[1,1, 1,0, 0,0, 0,0, 0, CK, 1] -> 

11,0,0,1,0,0,0,0]; 

"9 


[1,1, 1,0, 0,0, 0,0, 0, CK, 1] -> 

[1,0,0,0,1,0,0,01; 

"10 


[1,1, 1,0, 0,0, 0,0, 0, CK, 1] -> 

[1,0, 0,0, 0,1, 0,0]; 

"11 


[1,1, 1,0, 0,0, 0,0, 0, CK, 0] -> 

[1,0,0,0,0,1,1,01; 

"12 


[1,1, 1,0, 0,0, 0,0, 0, CK, 0] -> 

[1,0,0,0,0,1,1,11; 

"13 


[1,1, 1,0, 0,0, 0,0, 0, CK, 1] -> 

[1,0,0,0,0,1,1,01; 

"14 

End of SAR of bit5-ll 

[1,1, 1,1, 0,0, 0,0,0, CK, 1] -> 

[1,0,0,0,0,1,1,01; 

"15 

Outputs keep unchange 

[1,1, 1,0, 1,0, 0,0,0, CK, 1] -> 

[1,0,0,0,0,1,1,01; 

"16 


[1, 1, 1, 0,1, 1, 0, 0, 0,CK, 0] -> 

[1,0,0,0,0,1,1,01; 

"17 


[1,1, 1,0, 1,0, 1,0, 0, CK, 0] -> 

[1,0,0,0,0,1,1,01; 

"18 


[1,1, 1,0, 1,0, 1,1,0, CK, 0] -> 

[1,0,0,0,0,1,1,01; 

"19 


[1,1, 1,0, 1,1, 1,1,1, CK, 0] -> 

[1,0,0,0,0,1,1,01; 

"20 

End of SAR of bitO-4 

[1,1, 0,1, 1,1, 1,1, 1, CK, 1] -> 

[1,0,0,0,0,1,1,01; 

"21 

Tracking (up/down counter) started 

[1,1, 0,1, 1,1, 1,1, 1, CK, 0] -> 

[1,0,0,0,0,1,1,11; 

"22 

up 

[1,1, 0,1, 1,1, 1,1,1, CK, 0] -> 

[1,0,0,0,1,0,0,01; 

"23 

up 

[1,1, 0,1, 1,1, 1,0, 1, CK, 0] -> 

[1,0,0,0,1,0,0,01; 

"24 

unchange 

[1,1, 0,1,1, 1,1,0, 1, CK, 0] -> 

[1,0,0,0,1,0,0,01; 

"25 

un change 

[1,1, 0,1, 1,1, 1,0,1, CK, 0] -> 

[1,0,0,0,1,0,0,01; 

"2 6 

un change 

[1, 1,0,1, 1,1, 1,1, 1,CK, 0] -> 

[1,0,0,0,1,0,0,11; 

"27 

up 

[1,1, 0,0, 0,0, 0,0,1, CK, 1] -> 

[1,0,0,0,1,0,0,01; 

"28 

down 

[1,1, 0,0, 0,0, 0,0, 1,CK, 1] -> 

[1,0,0,0,0,1,1,11; 

"29 

down 

[1,1, 0,1, 1,1,1, 1, 1,CK, 0] -> 

[1,0,0,0,1,0,0,01; 

"30 

up 

[1,1, 0,1, 1,1, 1,1,1, CK, 0] -> 

[1,0,0,0,1,0,0,11; 

"31 

up 

[1,1, 0,1, 1,1, 1,1,1, CK, 0] -> 

[1,0,0,0,1,0,1,01; 

"32 

up 

[1,1, 0,1, 1,1, 1,1, 1,CK, 0] -> 

[1,0,0,0,1,0,1,11; 

"33 

up 

[1,1, 0,1, 1,1, 1,1,1, CK, 0 ] -> 

[1,0,0,0,1,1,0,01; 

"34 

up 

[1,1, 0,1,1, 1,1, 1,1,CK,0] -> 

[1,0,0,0,1,1,0,11; 

"35 

up 

[1,0,0,1,1,1,1, 1,1, CK, 0] -> 

[1,0,0,0,1,1,0,11; 

"36 

nHLD goes LOW, hold the output value 

[1,0,0, 0,0,0, 0,0,1, CK, 1] -> 

[1,0,0,0,1,1,0,11; 

"37 


[1,0, 0,1,1, 1,1,1, 1, CK, 0] -> 

[1,0,0,0,1,1,0,11; 

"38 


[1,0, 0,1,1, 1,1, 1,1, CK, 1] -> 

[1,0,0,0,1,1,0,11; 

"39 


[0,1, 1,0, 0,0, 0,0,0, CK, 0] -> 

[0,0,0,0,0,0,0,01; 

"40 

Next conversion cycle begins 

[1,1, 1,0, 0,0, 0,0, 0, CK, 0] -> 

[1,1,0,0,0,0,0,01; 

"41 

HALFSACLE 

[1,1, 1,0, 0,0, 0,0, 0, CK, 1] -> 

[1,0,1,0,0,0,0,01; 

"42 

SAR begins 

[1,1, 1,0, 0,0, 0,0,0, CK, 0] -> 

[1,0,1,1,0,0,0,01; 

"43 


END ADCS1 
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APPENDIX B: ABEL DESIGN FILE OF U2 


MODULE ADCS2; 




TITLE 'SAR AND UPDOWN COUNTER FOR THE BIT0..BIT4 

PHILIPS SEMICONDUCTORS' 


DECLARATIONS 




ADCS2 DEVICE 

F179' ; 


"INPUTS 




CLOCK, nSTART , COMPARE , nHOLD , 

nTRACK PIN 1, 2 , 3, 4, 5; 

BITS , RC , nDONE_OC 


PIN 6,10,23; 

"OUTPUTS 




CLOCK1 , CLOCK2 



PIN 11,14; 

DONE, BITO , BIT1, 

BIT2 

PIN 15,16,17,18 ISTYPE 'REG JK' ; 

BIT3 , BIT4 , nHLD 



PIN 19,20,21 ISTYPE ' REG_JK' ; 

H, L, CK, X =1,0 

■ C. 

.X. ; 


GREATER = COMPARE 

"IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT. 

LESS = ! COMPARE 

"IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT. 

SREG = [BIT4, BIT3, BIT2, BIT1 

, BITO, DONE] ; 

BEGIN 

[X, 

X,X,X,X, 

X]; 

INIT 

[0, 

O 

O 

o 

o 

0]; 

ST16 

[1, 

o 

o 

o 

o 

0]; 

ST8 

[X, 

H 

O 

O 

O 

0]; 

ST4 

[X, 

X, 1,0,0, 

0]; 

ST2 

[X, 

X,X,1,0, 

0]; 

ST1 

[X, 

X,X,X,1, 

0]; 

AD8 

[X, 

1,X,X,X, 

X]; 

AD4 

[X, 

x, 1,X,X, 

X]; 

AD2 

[X, 

X,X, 1,X, 

X]; 

ADI 

[X, 

X,X,X, 1, 

X]; 

IEND 

[X, 

x,x,x,x, 

l]; 

SH8 

[0, 

1,X,X,X, 

X]; 

SH4 

[X, 

0, 1,X,X, 

X]; 

SH2 

[X, 

x, 0 , 1 , X, 

X]; 

SHI 

[X, 

X,x, 0, 1, 

X]; 

SHO 

[X, 

x,x,x, 0 , 

l]; 
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APPENDIX B: ABEL DESIGN FILE OF U2 (Continued) 

EQUATIONS 
SREG.CLK = CLOCK; 
nHLD.CLK = CLOCK; 

"Non-Inverting Input Latch: nHLD = nHOLD" 
nHLD.J = ! nHOLD; 
nHLD ■ K = nHOLD ; 

"UP/DOWN COUNTER" 

BITO.J = (nSTART £ ! nTRACK £ ! DONE . Q £ nHLD ); 

BITO.K = (nSTART £ ! nTRACK £ !DONE . Q £ nHLD ); 

BIT1.J = (nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ ! COMPARE £ fBITO.Q 

#nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ COMPARE £ BITO.Q) ; 

BIT1.K = (nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ ! COMPARE £ ! BITO.Q 

#nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ COMPARE £ BITO.Q); 

BIT2.J = (nSTART £ 'nTRACK £ ! DONE . Q £ nHLD £ (COMPARE £ fBITO.Q £ fBITl.Q 

#nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ COMPARE £ BITO.Q £ BIT1.Q); 

BIT2.K = (nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ ! COMPARE £ fBITO.Q £ fBITl.Q 

#nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ COMPARE £ BITO.Q £ BIT1.Q); 

BIT3.J = (nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ (COMPARE £ fBITO.Q £ fBITl.Q £ !BIT2.Q 

#nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ COMPARE £ BITO.Q £ BIT1.Q £ BIT2 .Q) ; 

BIT3.K = (nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ (COMPARE £ fBITO.Q £ fBITl.Q £ IBIT2.Q 

#nSTART £ ! nTRACK £ ! DONE . Q £ nHLD £ COMPARE £ BITO.Q £ BIT1.Q £ BIT2 .Q) ; 

BIT4.J = (nSTART £ fnTRACKfi !DONE.Q£ nHLD £ ! COMPARE fifBITO.Q fifBITl.Q £!BIT2.Q £ !BIT3.Q 
#nSTART£ fnTRACKfi (DONE.QS nHLD fiCOMPARE fiBITO.Q £BIT1.Q £BIT2.Q £ BIT3.Q); 
BIT4.K = (nSTARTfi fnTRACKfi ! DONE . Q£ nHLD £ ! COMPARE fifBITO.Q fifBITl.Q £!BIT2.Q £ (BIT3.Q 
#nSTART£ fnTRACKfi ! DONE . Q£ nHLD fiCOMPARE fiBITO.Q fiBITl.Q £BIT2.Q £ BIT3.Q); 

nDONE_OC = 0; 
nDONE_OC . OE = ! DONE . Q ; 

RC = 0; 

RC.OE = RC; 

CLOCK1 = RC; 

CLOCK2 = fCLOCKl; 

S T ATE_D IAGRAM SREG; 

STATE BEGIN: 

if ! nSTART then INIT; 

STATE INIT: 

if BIT5 then ST16 
STATE ST16 : 

if GREATER then SH8 
if LESS then AD 8; 

STATE ST8 : 

if GREATER then SH4 
if LESS then AD4; 

STATE ST4 : 

if GREATER then SH2 
if LESS then AD2; 

STATE ST2 : 

if GREATER then SHI 
if LESS then ADI; 

STATE ST1 : 

if GREATER then SHO 
else IEND ; 
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APPENDIX B: ABEL DESIGN FILE OF U2 (Continued) 


TEST_VECTORS 




( [nSTART, nHOLD, n TRACK, BIT5, COMPARE, CLOCK] -> [BIT4, BIT3 , BIT2 , BIT1, BITO, DONE, nHLD] ) ; 

[1,1,1,0 ( 0,0 ] -> 

[1,1,1,1,1,1,1] 

"1 Power on reset 

[1,1, 1,0,0, CK] -> 

[1,1, 1,1, 1,1,1] 

"2 


[0, 1, 1, 0 , 0, CK] -> 

[0,0, 0,0, 0,0,1] 

"3 nSTART clears all the output registers 

[ 1 , 1 , 1 , 0 , 1 , cat] -> 

[0,0, 0,0, 0,0,1] 

"4 


[1,1, 1,0, 1, CK] -> 

[0,0, 0,0, 0,0,1] 

"5 


[1, 1, 1, 0, 1, CK] -> 

[0,0, 0,0, 0,0,1] 

"6 


[1,1, 1,1, 1,CK] -> 

[1,0, 0,0, 0,0,1] 

"7 bit5=l ripples Into U2 to start SAR of bitO-4 

[1, 1, 1, 0, 1, CK] -> 

[0,1,0,0,0,0,1] 

"8 


[1,1, 1,0,1, CK] -> 

[0,0, 1,0, 0,0,1] 

"9 


[1, 1, 1, 0, 0, CK] -> 

[0,0, 1,1, 0,0,1] 

o 

rH 

s 


[1, 1, 1,0,0, CK] -> 

[0,0, 1,1, 1,0,1] 

"11 


[ 1 , 1 , 1 , 0 , 0 , CK] -> 

[0,0, 1,1, 1,1,1] 

"12 


[1, 1,1,0, 0, CK] -> 

[0,0, 1,1, 1,1,1] 

"13 

end of SAR of bitO-4 

[1, 1, 1, 0 , 1, CK] -> 

[0,0, 1,1, 1,1,1] 

"14 


[1, 1, 1, 0, 1,CK] -> 

[0,0, 1,1, 1,1,1] 

"15 


[1, 1, 1, 0, 1, CK] -> 

[0,0, 1,1, 1,1,1] 

"16 


[ 1 , 1 , 0 , 0 , 1 , CK] -> 

[0,0, 1,1, 0,1,1] 

"17 

Tracking started and counts down 

[1,1, 0,0, 1, CK] -> 

[0,0, 1,0, 1,1,1] 

"18 

down 

[1, 1, 0, 0 , 0, CK] -> 

[0,0,1,1,0,1,1] 

"19 

up 

[1, 1, 0,0,0, CK] -> 

[0,0, 1,1, 1,1,1] 

"20 

up 

[1, 1, 0 , 0 , 0 , CK] -> 

[0,1,0,0,0,1,1] 

"21 

up 

[1,1, 0,0,1, CK] -> 

[0,0, 1,1, 1,1,1] 

"22 

down 

[1, 1, 0, 0 , 1, CK] -> 

10,0,1,1,0,1,1] 

"23 

down 

[1, 0, 0, 0 , 0, CK] -> 

[0,0, 1,1, 1,1,0] 

"24 

nHOLD becomes 0, bold 

[1, 0, 0, 0, 0, CK] -> 

[0,0, 1,1, 1,1,0] 

"25 


[1, 0, 0 , 0 , 1, CK] -> 

[0,0, 1,1, 1,1,0] 

"26 


[0,1, 1,0,0, CK] -> 

[0,0, 0,0, 0,0,1] 

"27 

Next conversion cycle begins 

[0,1, 1,0,0, CK] -> 

[0,0, 0,0, 0,0,1] 

"28 


[1,1, 1,0,1, CK] -> 

[0,0, 0,0, 0,0,1] 

"29 


[1,1, 1,1,1, CK] -> 

[1,0, 0,0, 0,0,1] 

"30 


[1, 1, 1, 1, 1,CK] -> 

[0,1, 0,0, 0,0,1] 

"31 


[1, 1, 1, 1, 1, CK] -> 

[0,0, 1,0, 0,0,1] 

"32 


[1, 1, 1, 1, 1, CK] -> 

END ADCS2 

H 

[0,0, 0,1, 0,0,1] 

"33 
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Interrupt Handler — PLS179 

As an example of designing a microprocessor 
family part, consider Figure 1 , which depicts 
an interrupt handler. In particular, note that 
interrupt inputs will be latched into an 8-bit 
register. This in turn will be encoded to a 3-bit 
vector which may be appropriately enabled 
and applied to the microbus. Figure 1 shows 
the eight flip-flops as having J-K and /D 
inputs which will be generated with a PLS1 79 
by switching the flip-flop control. Appropriate 
control signals for the various transactions 
might be as follows: 

1 . CLOCK - the system synchronous time 
base. 

2. Interrupt Enable - when asserted high 
from the microprocessor, allows interrupts 
to be generated to the microprocessor. 

3. Interrupt - a strobe or level defined to 
indicate a pending interrupt and a valid 
encoded vector. 

4. Interrupt Acknowledge - a response 


signal from the microprocessor which may 
be used to enable the 3-bit vector onto the 
bus. As well, it may initiate clearing the 
currently asserted interrupt latch. 

5. /INT0-/INT7 - eight possible interrupt 
request signals which must be asserted 
low and held there until service for that 
device has occurred. 

6. Reset - this is a system override signal 
which will clear all flip-flops during initial 
operation. 

Basic Operation 

Initially, the part should be reset by asserting 
the RESET pin high, asynchronously. Then, 
when interrupts are enabled, the /D-inputs to 
the 8 flip-flops will be synchronously scanning 
for interrupt inputs (asserted low). This will 
put a nonzero value into the eight bit register 
which will generate an interrupt output, 
combinationally through the Complement 
array. In parallel, a 3-bit encoded vector will 
be applied on the VECO, VEC1 , VEC2 lines. 


Asserted high logic will be assumed for the 
vector. Presumably, a microprocessor will 
interrupt this, transfer control to a service 
routine and clear the interrupt. The clear will 
be accomplished by disabling interrupts and 
strobing the vector value back into the 
PLS179, using the IACK signal. Disabling the 
interrupts will put the registers into J-K mode. 
J is tied to zero and K is decoded from the 
specifically strobed vector. Therefore, 
synchronous clear of the high priority bit is 
done. Interrupts are then re-enabled and the 
process continues. 

The PLS179 solution offers room for user 
alteration. For example, the IACK condition 
could be redefined as a combination of the 
Z80 lOREQand Ml signals, or any specific 
splitting of internal signals could be easily 
done. The design could fit into a PLS159A, 
but there would be less room for variation for 
specific users exact needs. Figure 3 shows 
the pinlist for the handler. Figure 4 gives the 
corresponding design file. 
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i \ / i 

i i 


CLK 

[ 1 | CLK 

VCC|24] 


ENA 

o 

H 

CM 

B3 | 23] 

VEC2 

RESET 

[ 3 1 11 

F7|22] 

INT7N 

IACK 

[ 4 1 12 

F6 | 21] 

INT6N 


[ 5 1 13 

F5 | 20] 

INT5N 


[ 6|I4 

F4|19] 

INT4N 


[ 7|I5 

F3 | 18] 

INT3N 


[ 8|I6 

F2 | 17] 

ZNZ2N 


[ 9117 

FI | 16] 

INTIN 

INTERUPT 

[10 |B0 

F0 | 15] 

INTON 

VECO 

[11 |B1 

B2 | 14] 

VEC1 


[12|GND 

OE_ 1 13 ] 

OTE 


i 


i i 


Figure 3. Interrupt Handler Pin List 
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6P INLIST 


OTE 

I; 

INT4N 

B 

IACK 

I; 

INT3N 

B 

RESET 

I; 

INT2N 

B 

ENA 

I; 

INTIN 

B 

CLK 

I; 

INTON 

B 

VEC2 

B; 

VEC1 

B 

INT7N 

B; 

VECO 

B 

INT6N 

B; 

INTERUPT 

O 

INT5N 

B; 




6 LOGIC EQUATIONS 

"Encoder Equations" 

CPT1 = INT0*INT1*INT2*/INT3; 

CPT2 = INT0*INT1*INT2*INT3*INT4*/INT5; 

CPT3 = INT0*INT1*INT2*INT3*INT4*INT5*/INT6; 

CPT4 = INT0*INT1*INT2*INT3*INT4*INT5*INT6*/INT7; 

VECO = (INT0*/INT1+CPT1+CPT2+CPT4) ; 

VEC1 = (INT0*INT1*/INT2+CPT1+CPT3+CPT4) ; 

VEC2 = (INT0*INT1*INT2*INT3*/INT4+CPT2+CPT3+CPT4) ; 
VECO.oe = ENA; 

VECl.oe = ENA; 

VEC2 . oe = ENA; 

C = /(/INT0+/INT1+/INT2+/INT3+/INT4+/INT5+/INT6+/INT7) ; 
INTERUP T = C; 

INTERUPT.oe = ENA; 

"Decoder Equations" 

KLEARO = /VEC2*/VEC1*/VEC0*IACK; "DECODE VECTOR 0" 
KLEAR1 = /VEC2*/VEC1*VEC0*IACK; "DECODE VECTOR 1" 
KLEAR2 = /VEC2*VEC1*/VEC0*IACK ; "DECODE VECTOR 2" 
KLEAR3 = /VEC2*VEC1*VEC0*IACK ; "DECODE VECTOR 3" 
KLEAR4 = VEC2*/VEC1*/VEC0*IACK; "DECODE VECTOR 4" 
KLEAR5 = VEC2*/VEC1*VEC0*IACK ; "DECODE VECTOR 5" 
KLEAR6 = VEC2*VECI* /VECO* LACK ; "DECODE VECTOR 6" 
KLEAR7 = VEC2*VEC1*VEC0*IACK ; "DECODE VECTOR 7" 

"Register equations' 

INTO. J=in0j; 

INTO -K=KLEAR0+in0k; 

INTI. J=inlj; 

INTI . K=KLEARl+inlk ; 

INT2. J=in2j; 

INT2 -K=KLEAR2+in2k; 

INT3 . J=in3 j; 

INT3 -K=KLEAR3+in3k; 

"Register RESET equations" 

INTO . rst=RESET; INT4 . rst=RESET; 

INTI . rst=RESET ; INT5 . rst=RESET; 

INT2 . rst=RESET; INT6.rst=RESET; 

INT3 . rst=RESET ; INT7 . rst=RESET; 


INT4. J=in4j; 

INT4 ,K=KLEAR4+in4k; 
INT5. J=in5j; 

INT5 ,K=KLEAR5+in5k; 
INT6. J=in6j; 
INT6.K=KLEAR6+in6k; 
INT7 . J=in7 j; 

INT7 .K=KLEAR7+in7k; 


Figure 4. Interrupt Handler Design File 
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INTRODUCTION 

Philips Semiconductors PLUS405-55 is ideal 
for high performance microprocessor 
interfacing applications. Being a 
programmable integrated circuit, it adapts to 
nearly any bus or microprocessor protocol. 
The PLUS405-55 can make state machines, 
counters, and shifters running at speeds of 
55 megahertz. The architecture of the 
PLUS405-55 combines a powerful 
programmable logic array with 16 JK flip-flops 
to form a programmable part superior to any 
comparable PAL part. 


WHAT IS INTERFACING? 

Interfacing is the translation of digital signals 
from one target device to another (see 
Figure 1). Each target device has their own 
unique signal behavior, and may not be 
directly connected to each other. Correct 
connection occurs with the use of a flexible 
interface. For instance, today's chip set 
integrated circuits connect a microprocessor 
to its memory and I/O devices. The signals 
presented by the microprocessor are not the 
specific /CAS and /RAS needed by the 
memory. Nor are the microprocessor signals 
the correct chip enables to attach to the 
UAR/T or graphics controller. Forming the 
translated signals which are appropriate for 
the memories, UAR/T's and other controllers 
is the job of the interface chips. Unfortunately, 
there are not off-the-shelf interface parts for 
all applications. That is where programmable 
parts excel. 

With this information, we can ask: what are 
the qualities of an ideal interface part? 

An ideal interface part must have sufficient 
logic inside to make correctly any logic 
translation needed. Because almost every 
interface is between two target devices which 
use separate clocks, conventional PAL parts 
are not adequate. This includes the popular 
22V10 and most other registered PAL parts. 
To reconcile that an interface may exist 
between two target parts using different 
clocks, the interface must be able to 
synchronize signals from either or both target 
devices. So, an ideal interface must be 
dockable from at least two different clocks. 

An ideal interface part must have enough 
flip-flops inside to capture data or control 
information from the target parts, and to 
re-synchronize control signals. This suggests 
it needs at least 16 flip-flops because the 
interface might receive 8 from either target 
device. 

To support the use of the 16 flip-flops as 
handshaking flip-flops, atypical number of 


logic AND gates is about 4 gates per flip-flop. 
This number of gates can be less if the type 
of flip-flop is a JK rather than a D flip-flop. 

An ideal interface must be as fast - if not 
faster - than the fastest target devices it must 
interface. This requirement is sometimes 
misunderstood. Most microprocessor parts 
have a dock input which is the fastest signal 
present at the outside world. Very few signals 
coming from the microprocessor are as fast 
or faster than the clock because they are 
usually made from flip-flop drcuits inside the 
microprocessor. 

In the past, many designers believed that 
interface PAL parts had to be twice as fast as 
the system clock. This was because either 
the system clock was operating at twice the 
crystal frequency or the PAL part had to 
compensate for the fact that some events 
occur on rising clock edges and other events 
happen on falling clock edges. This 
misconception should be reexamined. What 
is needed is an interface part which can 
respond to both edges of the basic clock rate, 
as the interface dictates. 

Finally, the ideal interface must be electrically 
compatible with both devices that must 
communicate. This is almost always either 
CMOS or TTL and today's technologies 
usually support a standard TTL interface. 


THE PLUS405-55 . . . 

THE IDEAL INTERFACE! 

To meet the needs of the ideal interface, 
Philips Semiconductors designed the 
PLUS405-55 (see Figure 2). The 405 is fast 
enough to respond to microprocessor clocks 
in excess of 50MHz, contains 16 JK flip-flops 
and a programmable logic array to control the 
flip-flops. It accepts two clock sources and 
permits the internal flip-flops to be grouped in 
one of two standard ways. The PLUS405-55 
handles simple data synchronization or 
complex bus handshaking between two target 
devices, within a single part. It is widely 
supported by Philips Semiconductors SNAP 
as well as third-party design tools. 

Let's look inside the PLUS405 to see how it 
works. First, there are 15 input pins, each 
supplying a signal or its complement, to the 
main AND array of the 405. There is an 
additional input pin which can optionally bring 
in a clock. There are 8 output pins which are 
directly tied to specific flip-flop outputs 
(labeled F0 to F7). This is the fastest flip-flop 
configuration possible. It should be noted that 
the clock to Q time delay (t C Kci), measured 
from the 405's pins, is 8 nanoseconds (max). 


This means that signals can get into and out 
of the PLUS405-55 very fast. 

The choice of flip-flops was the JK flip-flop. 
For building counters, JKs require only one 
gate per bit of additional logic. For building 
shift registers inside, no gates are required 
except that all connections use gates, so it 
uses a small number to connect the shift 
register. 

For making state machines, the number of 
gates per flip-flop is up to the application. 
There is no design restriction with 
programmable AND gates, which can be 
assigned as needed to any OR gates. This is 
superior to the ordinary PAL approach or 
even the 22V 10 approach where each OR 
gate permanently connects to specific AND 
gates. AND gate outputs are shared as 
needed and there is no limit on how many 
OR gates may be driven from a single AND 
term. JK flip-flops are superior to D flip-flops 
for all state machine applications, because 
they do not need as much external logic to 
control their behavior. 

At this point, we see that the PLUS405-55 
combines two superior elements. Namely, JK 
flip-flops for making state machines and a 
programmable logic array (PLA) for forming 
logic expressions. However, there are still 
more features which the PLUS405-55 
includes. There is a special pin for tri-state 
control of the 8 output pins or alternately it 
can initialization the 405. When used to 
initialize, the pin can applies any value to the 
asynchronous set or preset of each flip-flop. 
Initialization is to any state chosen. 

The internal flip-flop connection in the 405 is 
also critical. Flip-flops are first grouped into 
two categories - 8 internal flip-flops and 8 
output flip-flops. The internal flip-flops do not 
directly access the output pins and the output 
flip-flops do not feedback. To form state 
machines inside the 405, the internal flip-flops 
are best used. This doesn’t mean that the 
output flip-flops can't be used, but rather that 
their use with feedback requires external 
connection. This is seldom necessary. 

Another important flip-flop grouping is inside 
the 405. Four output flip-flops (F0-F3) link 
with their clock inputs to four internal 
flip-flops. The other four output flip-flops 
similarly link with four other internal flip-flops. 
This permits two separate state machines to 
be built. One state machine uses 4 internal 
flip-flops and four output flip-flops on one 
clock and four other internal flip-flops linked 
to their four output flip-flops on another clock. 
Alternately, the can all be linked together to a 
common clock, or by an external inverter, one 
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state machine can operate on the clock while 
the other one operates on the clock’s 
complement. 

Almost hidden from view in Figure 2 are two 
additional OR gates which do not drive any 
flip-flops. These two OR gates are inverted 
and fedback to the input of the AND logic 
array. The two inverted OR gates (i.e., NOR 
gates) are called complement arrays. They 
are used to save AND gates when state 
transitions are complicated. Luckily, the 
design software - SNAP and SLICE - 
automatically use these gates to save the 
designer from having to use them. The 
complement arrays also permit automatic 
homing to known states, if a power transient 
accidentally puts a state machine into an 
undefined state. 


PERFORMANCE 

As mentioned previously, the clock to Q time 
delay is 8 nanoseconds maximum. That is 
only one part of the performance equation. 
The flip-flop speed is: 


'SETUP + tcKQ 


Passing signals through the PLA section of 
the PLUS405 (the complement array) will add 
additional time delay as follows: 

tsETUP = 10 nsec 
tcKQ = 8 nsec 
'delay = 8 nsec 

Without the complement array, the f^AX is 
55.6MHz found as the inverse of 1 8 
nanoseconds. This is because the 
specification includes a single signal pass 
through the PLA as part of the flip-flop setup 
time. Viewed from the outside, this makes 
sense because there is no way to get a signal 
to the flip-flop without entering the PLA. With 
the complement array, fMAX is the inverse of 
26 nanoseconds, found by adding the tD ELAY 
term to the f^x expression. This sets f^x 
with the complement array at 38.5MHz. An 
additional pass through the complement array 
is never needed, so the PLUS405-55 will 
never be slower than 38MHz. The additional 
complement array is included in case two 
distinct state machines are built, where each 
needs one. 

The PLUS405-55 includes a PLA which has 
64 AND gates in it. This permits an average 


of 4 AND gates per flip-flop, but this many are 
seldom needed, because the JK flip-flops are 
so efficient. Because the AND gate outputs 
are shared as needed, redundant terms are 
never used. There are additional buffers to do 
the asynchronous flip-flop control, and each 
JK flip-flop includes its own OR gates. 


DESIGN SUPPORT 

Designers need tools which can capture the 
design, compile it to a fusemap and download 
commercially available programmers. Philips 
Semiconductors supports the PLUS405-55 
with SNAP design software (Figure 3). This 
software runs on personal computers and 
permits designs to be formulated with 
Boolean logic equations, state equations or 
schematics. SNAP, the full-featured product, 
includes advanced simulation capability found 
only in Field Programmable Gate Array 
(FPGA) or ASIC design software. 

SNAP includes a simulator with back 
annotation of time delays to accurately model 
the PLUS405-55 as well as Philips 
Semiconductors full PLD product line. 
Additional support for the PLUS405-55 can 
be found in third-party design tools. 


When a flip-flop is put into a circuit with logic 
driving it, the logic adds delay which slows 
the circuit down. For a flip-flop with extra 
logic, that logic delay is included in the 
performance equation as follows: 


tSETUP + tDELAY + tcKQ 
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AN EXAMPLE OF INTERFACING WITH THE PLUS405-55 




CLOCK 1 CLOCK 2 

Figure 1. Digital Interfacing 
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SNAP Brv818 Copyright 1990 PHILIPS SEMICONDUCTORS All rights reserved 



1 : HELP 2: RUN 3: PROJECT 4 : STATUS 5: SETUP 6: SAVE 7: DOS 8: EDIT 9: PRINT 10: EXIT 


Figure 3. SNAP Shell 
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INTRODUCTION 

In multiprocessor environments there is 
considerable savings to be made through 
sharing system resources. If each processor 
must support its own bus structure, I/O 
devices, and bulk storage medium, system 
cost could be very high. In the configuration 
shown in Figure 1 , all processors share a 
common communication bus, and a number 
of system resources. 

Since every processor must use the common 
system bus to communicate with its 
peripherals, a priority structure that resolves 
simultaneous processor bus requests into a 
single bus grant must be integrated into the 
system. In addition to making request-grant 
transactions, transient bus contention due to 
grant switching must be removed by inserting 
precise guard band times between bus 
grants. 

Philips Semiconductors Programmable Logic 
Sequencer provides a convenient and cost 
effective means for implementing a 
synchronous arbiter to perform these tasks 
within a single chip. 


ARBITER STRUCTURE 

Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue “A” 
grants in a manner that prevents any high 
priority “A” processor from locking out 
another Priority A processor. To enable this, 
the Priority A rules implemented here use a 
Last Granted Lowest Priority (LGLP) ring 
structure. After an "A" processor has 
completed a bus-related task, its next 
arbitrated request priority will be lowest in the 
“A" request group. The previously second 
highest priority “A" processor will then 
become highest priority requester. The net 
effect of the “round robin" exchange is that 
every Priority A processor will have a turn at 
being highest priority processor. Priority A 
processors are typically ones that perform 
real-time operations or vital system tasks. 


Priority b processors are lower in priority than 
the “A's" and may only be granted system 
control when no “A" requests are pending, “b” 
processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each “b” 
processor has a fixed priority position. 

Plumber 1 , Pearce 2 , and Hojberg 3 present 
asynchronous techniques of arbiter 
implementation. These methods all have 
hard wired priority rules and imprecise guard 
band times during grant switching. As pointed 
out by Hojberg, a synchronous state machine 
can be configured as a Mealy-type controller 
to provide not only precise guard band times 
and programmable priority rules, but also 
programmable input/output polarity. The state 
machine in Figure 2 is made from a control 
PROM array and an edge-triggered latch. 

The "A" and “b” requests and the machine’s 
present state are used by the control PROM 
to determine the next “A" and “b” grants and 
the next state. 



Figure 1 . Multiprocessor Structure 
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SYSTEM OPERATION 

Two machine states can be identified by 
inspection: a wait state and a grant state. The 
state machine enters a grant state as a 
response to a system request on either R N or 
rrsi- The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single 
state guard band time. The requests received 
must meet the set-up requirement of the 
edge-triggered latch after propagating 
through the control PROM. If these time 
considerations do not fit within a given 
multiprocessor structure, an input latch may 
be added such that the Rn and r^ lines are 
clocked through the latch by the system 
clock, thereby removing asynchronous set-up 
time considerations. On the basis of a state 
machine approach, two techniques of 
implementation are feasible: 1) using an 
architecturally advanced single 1C controller, 
the PLS, and, 2) a traditional PROM/LATCH 
configuration. 


NEXT A 



a. A and b service requests (R N , r N ) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (G N , g N ). 


SYSTEM CLOCK 


t t t t t t t t t t t t t t t t 


R o 1 I 1 

R i “i i 1 r 

ro 1 I 


r l 

Gq 


Gi 

90 


91 


b. Requests R 0 , R 1; r 0 , and r, are asserted low in the same clock sample period. The 
priority rules that determine the order in which the grants are issued and the shaded 
guard-band areas are programmed into the control PROM. Note that the A and b 
request lines and the present state input to the PROM must have a set-up time equal 
or greater than the latch set-up time plus the PROM access time. 

Figure 2. Arbiter Constructed from a Mealy-Type State Machine 
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PLS ARBITER IMPLEMENTATION 

A five Priority “A" and three Priority “b" arbiter 
will be constructed such that all grant outputs 
will be asserted low for grants and all request 
inputs will be asserted low for system 
requests. 

Brief PLS Description 

The PLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked S/R 
flip-flops. The control PLA is actually an 
AND-OR logic array that functions as a 
Content Addressable PROM. The PLA is 
organized as 48 words of 28 bits with 1 6 
external input lines, and six internal inputs fed 
back from the State Register. The 28 PLA 


outputs drive the S/R inputs of the six-bit 
State Register and eight-bit Output Register. 
Note that the state feedback path is made 
inside the PLS. 

In and present state inputs, Ps, represent 2 22 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by 
assigning to the variables either Low “L”, High 
“H”, or Don’t Care logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 
internal outputs, thereby issuing a “no 
change” command to the R/S flip-flops. 


This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the PLS, owing 
to the functional characteristics of S/R 
flip-flops tabulated in Figure 3(c). An example 
of this is shown in Figure 4. 

The S/R inputs of both state and output 
registers are specified by using PLA outputs 
(“AND” functions of request inputs and 
present state) in the program table of 
Figure 3(c). 
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The corresponding next state of each bit will 
be set to 0 for “L", 1 for “H”, and No Change 
for The PLS's PR/OE line may be 
assigned either Asynchronous Preset or 
Output Enable functions, via a user 
programmable option. 

The entire function is integrated into a single 
28-pin package designated as PLUS105. 

State Algorithm 

Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 3B are arbiter wait states Wq_ 4 . In these 
states, processor “A” and “b” requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A! in hex state 07. As long 
as A, asserts its request line low, the next 
state will be 07 16 and the next output will 
remain with G, asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 

As soon as processor A, returns its request 
line, R,, to 1 , a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1 . Since processor A, was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state W 2 , the highest priority 
processor will be A 2 , second A 3 , third A 4 , and 
fourth A 0 . To maintain the LGLP rule, grant 
transitions must follow the state rule 
Gn — > W(N +1 ), and wait states, W M , must set 
their “A” priorities so that processor Am is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, A (rtv1) . 

When no “A" requests are pending, “b" 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a "b" grant must leave 
and return to the same wait state. Since the 
“b” priority structure is the same regardless of 
the wait state, only a single set of “b" 
transition terms are required. 



For example, a grant transition to g 2 (Hex 
20-25) can be issued only if there are no “A”, 
“b 0 ”, or “b," requests pending. Given the 
binary wait state code 111 XXX, where “X’s” 
represent Don't Cares, a request code of 
01111111 will transfer the arbiter to the grant 
state g 2 from any of the wait states, W 0 4 - 

It is important to realize that in making this 
transition, the lower 3-State bits will not be 
changed — they provide the wait state return 
address. When r 2 returns high, 1XXXXXXX, a 
transition back to the previously exited wait 
state is made by forcing a “1 ” in the three 
most significant state bits and leaving the 
lower 3-State bits unchanged. 

All output and state bits are initially preset to 
“1 " through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to “1" when jumping back to 
a wait state. 

The complete arbiter circuit diagram is shown 
in Figure 6a. The SNAP equations are shown 
in Figure 7. 


PROM/LATCH IMPLEMENTATION 

The same five “A” processor and three “b” 
processor arbiter can be implemented with 
discrete PROM’s and Latches using the 
same state diagrams for the PLS, except that 
now looping transition terms must be 
programmed. Coding of all state and output 
transitions requires programming of two 
memory fields: the “A” request PROM’s 
(2KX6) and the “b” request PROM (64 x 3). 
The complete circuit diagram is shown in 
Figure 6(b). 

The “A” request PROM's determine the next 
machine state (No_ 5 ) at all times, except 
when there are no “A” requests pending and 
there is a “b" request, or if the machine is 
presently in a “b" grant state. In these cases, 
the “b” request PROM controls the machine’s 
next state. 

The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH 
organization is shown in Figure 6a. 
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Table 1 . Design Alternatives for the Priority Arbiter 


PARAMETER 

SEQUENCER 

PROM/LATCH 

Parts count 

1 1C 

<=19IC's 

PCB space 

.84 in 2 

7.92 in 2 

Power 

65W 

2.85W 

Voltage 

+5V 

+5V 


SUMMARY 

As can be seen from the circuit diagrams, the 
PLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design 
alternatives for the Priority Arbiter is shown in 
Table 1 . Clearly, the PLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 


2. R.C. Pearce, J.A. Field, and W.D. Little: 
“Asynchronous Arbiter Module’; IEEE 
Transactions on Computers, September 
1975, pp. 931-933. 

3. K. Soe Hojberg: “An Asynchronous 
Arbiter Resolves Resource Allocation 
Conflicts on a Random Priority Basis”; 
Computer Design, August 1977, 

pp. 120-123. 
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Figure 5. Arbiter State Transition Diagram 
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Single Chip Multiprocessor Arbiter AN7 


gP INLIST 

CLOCK I; PRESET I; 

RB2 I; OB2 O; 

RBI I; OBI O; 

RBO I; OBO O; 

RA4 I; OA4 O; 

RA3 I; OA3 O; 

RA2 I; OA2 O; 

RA1 I; OA1 O; 

RAO I; OAO O; 

gGROUPS 
g TRUTHT ABLE 
gLOGIC EQUATIONS 
OBO.CLK = CLOCK; 

OB1.CLK = CLOCK; 

OB2.CLK = CLOCK; 

OAO.CLK = CLOCK; 

OA1.CLK = CLOCK; 

0A2.CLK = CLOCK; 

OA3.CLK = CLOCK; 

OA4.CLK = CLOCK; 

FFO.CLK = CLOCK; 

FF1.CLK = CLOCK; 

FF2.CLK = CLOCK; 

FF3.CLK = CLOCK; 

FF4.CLK = CLOCK; 

FF5.CLK = CLOCK; 

"Flip-Flops are SET when PRESET is HIGH" 
OBO. SET = /PRESET; 

OBI. SET = /PRESET ; 

OB2.SET = /PRESET; 

OAO. SET = /PRESET; 

OA1.SET = /PRESET; 

OA2.SET = /PRESET; 

OA3.SET = /PRESET; 

OA4.SET = /PRESET; 

FFO.SET = /PRESET; 

FF1.SET = /PRESET; 

FF2.SET = /PRESET; 

FF3.SET = /PRESET; 

FF4.SET = /PRESET; 

FF5.SET = /PRESET; 
g INPUT VECTORS 


I \ / 

I 


CLOCK 

[ 1 |CLK 

VCC 

128] 


RB2 

[ 2 1 17 

18 

127] 


RBI 

[3|I6 

19 

126] 


RBO 

[ 4 1 15 

no 

125] 


RA4 

[ 5|I4 

ill 

124] 


RA3 

[ 6113 

112 

1 23] 


RA2 

[ 7 1 12 

113 

122] 


RA1 

[ 8|H 

114 

121] 


RAO 

[ 9 1 10 

115 

1 20] 


OB2 

[10 |F7 

PR/OE 

|19] 

PRESET 

OBI 

[11 |F6 

F0 

1 18] 

OAO 

OBO 

[12 |F5 

FI 

|17] 

OA1 

OA4 

[13 |F4 

F2 

1 16] 

OA2 


[14 |GND 

F3 

115] 

OA3 


I 

I 


a. SNAP Equations 
Figure 7. 
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" PIN LABELS £ BOOLEAN EXPRESSIONS USED IN TRANSITIONS " 
600TP0T VECTORS 

[OB2, OBI, OBO, OA4, OA3, OA2, OA1, OAO]srffs 
QAO = FEh ; 

QA1 = FDh ; 

QA2 = FBh ; 

QA3 = F7h ; 

QA4 = EFh ; 

QBO = DFh ; 

QB1 = BFh ; 

QB2 = 7Fh ; 

NOGRANT = FFh ; 
eSTATE VECTORS 

f FF5, FF4, FP3, FF2, FF1, FFO ] srff s 
WO = 03Fh ; 

W1 = 03Eh ; 

W2 = 03Dh ; 

W3 = 03Ch ; 

W4 = 03Bh ; 

WO 4 = 111 b ; 

GAO = 06h ; 

GA1 = 07h ; 

GA2 = OEh ; 

GA3 = OFh ; 

GA4 = 16h ; 

GBO = 101 b ; 

GB1 = 110 b ; 

GB2 = 100 b ; 

b. SNAP Equations (Continued) 
Figure 7 (Continued) 
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@ TRANSITIONS 
WHILE [WO] 

CASE 

[/RAO] :: [GAO] WITH [QAO] 

[/RA1 * RAO] : : [GA1] WITH [QA1] 

[/RA2 * RA1 * RAO] :: [GA2] WITH [QA2] 

[/RA3 * RA2 * RA1 * RAO] :: [GA3] WITH [QA3] 

[/RA4 * RA3 * RA2 * RA1 * RAO] : : [GA4] WITH [QA4] 

ENDCASE 
WHILE [Wl] 

CASE 

[/RA1] : : [GA1] WITH [QA1] 

[/RA2 * RA1] : : [GA2] WITH [QA2] 

[/RA3 * RA2 * RA1] :: [GA3] WITH [QA3] 

[/RA4 * RA3 * RA2 * RA1] :: [GA4] WITH [QA4] 

[/RAO * RA4 * RA3 * RA2 * RA1] :: [GAO] WITH [QAO] 

ENDCASE 
WHILE [W2] 

CASE 

[/RA2] : : [GA2] WITH [QA2] 

[/RA3 * RA2] : : [GA3] WITH [QA3] 

[/RA4 * RA3 * RA2] : : [GA4] WITH [QA4] 

[/RAO * RA4 * RA3 * RA2] : : [GAO] WITH [QAO] 

[/RA1 * RAO * RA4 * RA3 * RA2] : : [GA1] WITH [QA1] 

ENDCASE 
WHILE [W3] 

CASE 

[/RA3] : : [GA3] WITH [QA3] 

[/RA4 * RA3] : : [GA4] WITH [QA4] 

[/RAO * RA4 * RA3] : : [GAO] WITH [QAO] 

[/RA1 * RAO * RA4 * RA3] : : [GA1] WITH [QA1] 

[/RA2 * RA1 * RAO * RA4 * RA3] : : [GA2] WITH [QA2] 

ENDCASE 
WHILE [W4] 

CASE 

[/RA4] : : [GA4] WITH [QA4] 

[/RAO * RA4] : : [GAO] WITH [QAO] 

[/RA1 * RAO * RA4] : : [GA1] WITH [QA1] 

[/RA2 * RA1 * RAO * RA4] :: [GA2] WITH [QA2] 

[/RA3 * RA2 * RA1 * RA1 * RA4] : : [GA3] WITH [QA3] 

ENDCASE 

WHILE [W04] 

CASE 

[/RBO * RA4 * RA3 * RA2 * RA1 * RAO] :: [GBO] WITH (QBO) 

[/RBI * RBO * RA4 * RA3 * RA2 * RA1 * RAO] :: [GB1] WITH [QBI] 

[/RA2 * RBI * RBO * RA4 * * RA3 * RA2 * RA1 * RAO] :: [GA2] WITH [QB2] 

ENDCASE 
WHILE [GAO] 

IF (RAO] THEN [Wl] WITH [NOGRANT] 

WHILE [GA1] 

IF (RA1] THEN [W2] WITH [NOGRANT] 

WHILE [GA2] 

IF (RA2] THEN [W3] WITH [NOGRANT] 

WHILE [GA3] 

IF (RA3] THEN [W4] WITH [NOGRANT] 

WHILE [GA4] 

IF <RA4] THEN [WO] WITH [NOGRANT] 

WHILE [GBO] 

IF (RBO] THEN [GB1] WITH [NOGRANT] 

WHILE [GB1] 

IF (RBI] THEN [GB2] WITH [NOGRANT] 

WHILE [GB2] 

IF (RB2] THEN [GBO] WITH [NOGRANT] 

b. SNAP Equations (Continued) 

Figure 7 (Continued) 
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Engineers are excited to discover the 
PLUS405-55, a PLD state machine 1C rated 
for a maximum operating frequency of 
55MHz. It has a flexible architecture offering 
65 product terms, and a programmable OR 
array driving 16 J-K flip-flops, 8 of which are 
buried (see Figure 1). This design allows the 
64 product terms to realize 64 state 
transitions in a general state machine 
implementations. (State machines based on 
a counter will be implemented much more 
efficiently.) In order to estimate if a particular 
state machine will fit in the PLUS405, one 
need only count the state transitions and 
assure that there are fewer than 65! There 
are the remaining issues of number of states, 
inputs and outputs. The PLUS405 has 8 
buried registers, allowing representation of 
256 unique states. A dual complement array 
is available for the “ELSE” condition of state 
equations, and along with dual clocking 
capabilities allows two independent state 
machines to be synthesized on one 1C. 

Ease of design is further enhanced by SNAP, 
the PC-based PLD development tool. SNAP 
supports Boolean and State Equation entry of 
the design, simulation, and downloading of 
the programming information to a 
programmer. SNAP allows an abstract 
approach to design with PLDs, as the target 
device is not specified by the engineer until 
he is done fully integrating and simulating his 
efforts. After device selection, SNAP can 
back-annotate the design files with target 
silicon characteristics, allowing simulation of 
the actual device. 


The engineer sets out to solve all his high 
speed state machine design problems armed 
with this new silicon and software, only to 
discover all this performance has its price. 
Studying the data sheet on the PLUS405-55 
shows the following performance: 

fMAXi 55.6MHz minimum 

Input Setup time 10ns minimum 

Input Hold time 0ns minimum 

The cycle time at 55MHz is roughly 18.2 
nsec. The window during which data must be 
stable to guarantee no metastability is 1 0 
nsec long. The difference between the setup 
and hold time, and the cycle time, is the 
allowed time interval for changes to occur, 
this example leaves 8.2ns for any changes. 

From a system standpoint, this means the 
design engineer must be extremely careful in 
implementing his system, or he will violate 
the setup and hold specifications of the 
PLUS405-55. This can lead to metastable 
conditions in the state machine with several 
negative effects: 

1 . Jumps to undefined states. (May hang up 
system!) 

2. Lengthened clock to Q times (slows 
down!). 

3. Jumps to states out of proper sequence. 

All of the above problems will yield a system 
that is unreliable, unpredictable and 
expensive in terms of servicing elusive bugs 
in the field. 


The preceding analysis said nothing 
regarding asynchronicity. It is feasible to 
design the above system in a fully 
synchronous manner and have acceptable 
results. What about the system where known 
asynchronous inputs will be used in the state 
machine? Examples of common 
asynchronous signals are refresh request in 
DRAM controller applications and interrupts 
in a real-time control system. One approach 
to managing asynchronous inputs is to 
precede the state machine with a D-type 
flip-flop. This can serve as a synchronizing 
stage ... or can it??? A simple analysis will 
explore the feasibility of using a simple 
synchronizing flip-flop. 

A common Dual-D flip-flop frequently 
selected for this application in TTL 
high-performance systems is the FAST 
74F74. The asynchronous data is fed into the 
D input of the flip-flop, and the Q output is fed 
into the logic input of the PLUS405 state 
machine. A common clock is used for both 
parts (see Figure 2). Based on current 
published data sheets, the 74F74 has a 
clock-to-Q time of 9.2ns maximum. The worst 
case setup time on the PLUS405-55 is 10ns. 
The minimum cycle time of the combined 
system is (9.2 + 10) ns, yielding a maximum 
clock frequency of 52MHz. Let’s assume for 
this example a desired system clock is 
50MHz. 
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The important issue to examine in the timing 
diagram is the time that elapses between the 
end of the 74F74 clock-to-Q interval and the 
beginning of the PLUS405’s setup time (see 
Figure 3). This is 20ns minus 10ns minus 
9.2ns, which equals .8ns! At 50MHz, this 
combination is just able to work reliably on a 
worst case basis, assuming no instances of 
metastability. If metastable operation is 
encountered, the 800 picosecond window is 
the only time left in the clock cycle to resolve 
the situation. The next issue to examine is 
the mean time between failures (MTBF) for 
this system. From the work of Mr. Chaney, an 
equation which models metastable behavior 
is: 

EQUATION 1 . MTBF = exp(xr/x) / (TO * f * a) 
(Explanation of above symbols} 

MTBF is mean time between failures, 
in seconds. 

xr is the elapsed time before sampling 

the process 
or 

the time allotted for metastability to 
resolve. 

x is the “Metastability Time 

Constant". 


TO in seconds, the zero intercept of 
aperture time versus propagation 
delay. TO indicates the propensity 
of a device to enter the metastable 
state. 

f is the clock speed, in Hertz. 

a is the transition rate of data being 

sampled (i.e., edges per second) 
in Hertz. 

Assume for this discussion that the 
asynchronous input data is roughly 2MHz, 
meaning the edges that can cause 
metastability occur at a 4MHz rate. The 
system clock is assumed to be 50MHz, and 
the elapsed time before sampling is 10ns. 
(The sample time is calculated from the 
difference between the cycle time (1/50MHz 
= 20ns) and the setup time of the 
PLUS405-55 (10ns). The other parameters 
can be determined from measurements of an 
’F74, or can be found in Mr. Chaney’s paper, 
x was found to be ,4ns and TO .2 
milliseconds. Armed with a calculator and 
Equation #1 , the MTBF for this particular 
scenario is calculated: 

MTBF = exp(10/.4) / (,2e-3* 50e6 * 4e6) = 

1 .8 seconds 


Clearly, this level of failure in any system is 
unacceptable. A better solution for this class 
of problem must be found! 

Philips Semiconductors has recently 
introduced a new family of parts designed 
with metastability performance in mind. The 
first four members of this family are the 
74F5074, 74F50109, 74F50728 and 
74F50729. These are excellent general 
purpose flip-flops, but special attention has 
been paid to short setup and hold times, and 
fast clock-to-Q times. The output stage has 
also been designed with a balanced drive 
characteristic, leading to tight matching 
between rise and fall propagation delays, and 
matching of skews between other outputs, 
this makes them useful in clock driver 
applications also. Let's repeat the former 
calculation using the measured x and TO 
values for the 74F5074 used as a 
synchronizer (see Figure 4) ahead of the 
PLUS405-55. 

x = ,135ns 

TO = 9.8 E 6 seconds 

MTBF = exp(10/.135) / (9.8e6 * 50e6 * 4e6) = 
75.46 e9 seconds 

NOTE: For the reader’s reference, a century 
is 3.154 e9 seconds. 



H 9.2ns — 

(Clock to Q) 


50MHz 

CLOCK 


10ns 


20 ns 





PLUS405-55 /’ " •’ "DATA " " 

INPUT MAY 

REQUIREMENTS V CHANGE 7 

V 

DATA MUST 

BE STABLE! 

(SETUP TIME) 


Figure 3. Timing Diagram of 74F74 and PLUS405-55 
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Figure 4. 74F5074 Driving PLUS405-55 
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A system that was unreliable is now found to 
be quite acceptable by using the 74F5074. 
The major drawback to the synchronizing 
flip-flop solution is the added delay on the 
asynchronous signal before it enters the state 
machine. In the case of the 74F5074, this will 
amount to one clock cycle delay. For designs 
that demand the maximum in freedom from 
metastability, Philips Semiconductors has 
developed a product with cascaded D 
flip-flops for synchronizing applications. The 
74F50728 (see Figure 5) will therefore 
introduce a two clock cycle delay into the 
system. It is pin compatible with the 74F5074 
and 74F74 to allow retrofits on existing 
systems. 

Calculation for the MTBF of a system using 
the 74F50728 is similar to the technique used 
earlier. In this case though, at least one entire 
clock cycle is used to resolve any 
metastability. 


EQUATION 2. MTBF = exp(xr/x) / (TO * f * a) 
{Explanation of above symbols} 

All symbols are the same as EQUATION 1 
with the exception of xr. 

xr is the elapsed time before sampling 

the process or the time allotted for 
metastability to resolve. In the case 
of 74F50728, one entire clock 
cycle. 

The flip-flops embedded in the ’F50728 are 
essentially the same as the flip-flops used for 
the 'F5074, therefore the same "Metastability 
Time Constant” x, and TO, can be used in the 
calculation. 

MTBF = exp(20/. 135)/ (9.8e6 * 50e6 * 4e6) = 
1.12 e43 seconds! 

Now that the designer is comfortable with 
handling metastability, it is feasible to begin 


approaching the design of the system by 
stating a goal for MTBF and adjusting the 
state machine’s clock to meet the desired 
failure level. 

Let’s assume out system is to have an MTBF 
of 5 years from metastability induced 
anomalies. The calculations would proceed 
as follows, assuming the same 2MHz data 
rate from our previous example: 

MTBF = 5 years * (31 .54 e6 seconds/year) = 
157.7 e6 seconds 

Setting up the equation to find the roots 
yields: 

EQUATION 3. T(setup)/x - 1/(f * x) + 
1n(T0*a*MTBF*f) =0 

(T(setup) is the setup time on the PLUS405) 
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Equation 3 is not solved using algebra, but 
simple numerical methods will allow easy 
solution, especially since we have a good 
initial guess for the value of f. (50 to 55MHz!) 
An HP 32S calculator was used to find the 
root of this equation by the following program: 


COMMENTS 



PRGM 


start program entry 


GTO . . 


go to top of memory 

B01 

LBL/RTN {LBL} B 

label program as B 

B02 

INPUT 

A 

a, Data rate, Edges/Sec. 

B03 

INPUT 

F 

Clock frequency, Hertz 

B04 

INPUT 

J 

t, seconds 

B05 

INPUT 

M 

MTBF, seconds 

B06 

INPUT 

T 

TO, seconds 

B07 

INPUT 

U 

T(setup), seconds 

B08 

RCL 

A 

begin calculation of In argument 

B09 

RCL x 

T 


BIO 

RCLx 

M 


B11 

RCLx 

F 


B12 

LN 



B13 

RCL 

F 


B14 

RCLx 

J 


B15 

1/x 



B16 

+/- 


change sign 

B17 

+ 


add 

B18 

RCL 

U 


B19 

RCL + 

J 

divide 

B20 

+ 



B21 

LBL/RTN {RTN} 

end, return from routine 


To execute this program we must use the 
SOLVE capability on the calculator. 


SOLVE {FN} 

B 

FN= 

Prompt for label of function 

50 E 6 

STO 

F load initial guess 50MHz 

SOLVE {SOLVE} 

SOLVE 

prompt for unknown variable 

F 


frequency in this case! 

A? 

4.0 E 6 

set edge rate 

R/S 


run 

J? 

135 E -12 

setx 

R/S 



M? 

157.7 E 6 

set MTBF 

R/S 



T? 

9.8 E 6 

set TO 

R/S 



U? 

10. E-9 

setup time 

R/S 
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At this point the calculator will set off to find 
the root based on the initial guess and the 
desired conditions entered. The system clock 
speed determined from this technique is 
52.16MHz. 

Designers who are forced to deal with an 
uncertain system for the first time are 
uncomfortable with the idea that is is possible 
for the system to fail. Lower speed systems 
have been traditionally designed using worst 
case data sheet numbers to guarantee that 


the system will always work. As system clock 
speeds cross over 50MHz, meeting the setup 
and hold times becomes very difficult for 
TTL-based designs. The allowed time to 
resolve metastabiiity gets shorter and the 
data stream edges become much more 
frequent, increasing the incidence of 
metastabiiity. Faster systems demand that a 
design methodology based on statistics be 
used and the burden is now on the Engineer 
to manage likelihood of failure to acceptable 


levels. Persons defining high performance 
systems will need to specify goals for MTBF 
due to metastabiiity. Usage of parts that have 
been characterized for metastabiiity behavior 
will become mandatory in future systems. 
New parts, such as the 74F5074 and 
74F50728 from Philips Semiconductors, 
which have published metastable traits and 
are pin compatible with other industry 
standard ICs, can make solving these 
problems as easy as plugging in a new part! 


Dike, Charles, “AN219, A Metastabiiity Primer", Philips Semiconductors 

Chaney, Thomas J., “Measured Flip-Flop Responses to Marginal Triggering"[IEEE Transactions on Computing, Vol. C-32, No. 1 2, December 1 983, 
pp. 1207-1209] 

Wakerly, John, “Designers Guide to Synchronizers and Metastabiiity, Part 1 and 2" September 1 987, VLSI Design 
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INTRODUCTION 

Some state machine applications require a 
state machine to wait for a number of clock 
pulses to occur before some decision point is 
reached. One common example of this is a 
state machine that needs to analyze only 
certain bits in a serial data stream. The state 
machine may have to wait for a number of 
serial data bits to transpire before pulsing a 
load signal or proceeding into states to 
actually check individual data bits for specific 
preamble or header information. 


SEQUENCER ARCHITECTURE 

State machine implementations using JK 
flip-flop based sequencer devices are 
generally very efficiently implemented 
because product terms (AND gates) are 
required only to force a transition from one 
state to the next. Product terms are not 
required to hold the sequencer in a state, as 
they are for D-type based devices. A JK 
based state machine can wait forever in one 
state for a specific parallel combination of 
input signals to happen, using only one 
product term to perform the comparison and 
force a jump to a new state. In addition, 
Philips sequencers have a PLA architecture 
meaning that both the AND array and the OR 
array have programmable connections. A 
single product term may be connected to the 
inputs of multiple state and/or output 
registers. This feature allows for efficient 
device resource utilization since any product 
term may be connected to any buried or 
output register. The product terms are not 
fixed in their usage to a specific register or 
output. 


DESIGN METHODS 

PLD software packages, such as Philips 
SNAP, provide for different methods of design 
entry. The easiest and usually best format for 
state machines is, of course, a state equation 
entry method. Figure 1 shows an example 
using state equations. For JK based 
sequencers, SNAP essentially translates 


each 'IF' statement into a product term in the 
device. An OR function in the input condition 
field of the 'IF' statement will cause an 
additional product term to be used. 

A series of unconditional transitions to a new 
state may be found in some state machine 
designs where it is required to wait a certain 
number of clock cycles before performing a 
function. The example in Figure 1 shows a 
simple state machine that runs continuously 
through sixteen states and outputs a pulse on 
output 'OUT1' while in state 'F‘. This state 
machine is not waiting for any inputs, other 
than the clock to occur. It is simply a counter. 


COUNTER IMPLEMENTATION 

For typical state machine implementations 
with conditional transitions between states, 
state equations produce efficient state 
machines. However for implementing 
counters, state equations may not produce 
the most efficient implementation. JK 
flip-flops have a feature whereby if both J and 
K are active, after a clock, the output will 
toggle or change state. This feature may be 
used to implement counters very efficiently. 
Combining the toggle feature of the flip-flops 
with a PLA devices ability to connect a single 
product term to multiple OR array inputs, 
produces an implementation where only one 
product term is needed for each bit in the 
counter. A four bit counter may be 
constructed using only four product terms! 

The function described in Figure 1 is 
duplicated in Figure 2, except the Figure 2 
design uses a counter described with 
Boolean equations. Only six product terms 
were used compared to the sixteen used for 
the design in Figure 1 . Four product terms 
were used for the counter and two to control 
output pin OUT 1 . So, when a portion of a 
state machine design is required to 
unconditionally transition from one state to 
the next, consider implementing a counter 
using Boolean equations and merging it into 
the state machine. 

The example in Figure 2 only used Boolean 
equations, no state equations. So, another 


AN050 


example is shown in Figure 3. This example, 
using SNAP, illustrates the proper syntax for 
connecting the outputs of a counter to the 
inputs of a state machine. This example was 
complied for a PLUS405 device. The state 
machine will wait in each state until the 
counter reaches a specified value. It then 
transitions to the next state. 

Complicating the design a bit more, Figure 4 
shows another SNAP example. This is a 
listing of a design that, in addition to using the 
counter outputs as inputs to the state 
machines, connects two outputs of the state 
machine back to the counter. The outputs of 
the state machine (actually two of the state 
bits) can enable or disable counting, or reset 
the counter. In this example the state vectors 
were specially assigned such that state 
register SI must be LOW for the counter to 
count. When state register S2 is HIGH, the 
counter will be reset. Instead of using state 
registers bits, additional outputs could have 
been defined and connected to the counter. 

Figure 5 shows a counter that counts from 0 
to 12 and then resets. This example may be 
easily modified to produce a counter that 
counts to any value. 


SUMMARY 

The toggle feature of JK flip-flops together 
with a product term sharing capability, found 
in most Philips sequencer devices, may be 
used to build counters using only one product 
term per counter bit. If a state machine 
design contains many unconditional 
transitions, it is possible to reduce the 
number of product terms required to 
implement the design by separating the 
design into a counter and state machine. 

The counter portion should be described 
using Boolean equations, when state 
equations are preferred for the state 
machines. The counter outputs may be used 
as inputs to the state machine and some 
state machines outputs or state bits may be 
used to enable or reset the counter. 
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8P INLIST 
elk i; 
init i; 
outl o; 

8GROUPS 
8 TRUTHTABLE 
8 LOGIC EQUATIONS 

s[3..0].rst = /init; "Use INIT function pin (19) to reset counter" 
outl.rst = /init; "and to reset output pin." 

8 INPUT VECTORS 
80UTPUT VECTORS 
[outl] jkffr 

00 = Ob; 

01 = lb; 


8STATE VECTORS 

[s3, s2 

, si, sO] jkffr 

stO = 

0000b; 

stl = 

0001b; 

st2 = 

0010b; 

st3 = 

0011b; 

st4 = 

0100b; 

st5 = 

0101b; 

st6 = 

0110b; 

st7 = 

0111b; 

st 8 = 

1000b; 

st9 = 

1001b; 

sta = 

1010b; 

stb = 

1011b; 

stc = 

1100b; 

std = 

1101b; 

ste = 

1110b; 

stf = 

1111b; 

8TRANSITIONS 

while 

[stO] 


if [] then [stl] 
while [stl] 
if [] then [st2] 
while [st2] 
if [] then [st3] 
while [st3] 
if [] then [st4] 
while [st4] 
if [] then [st5] 
while [st5] 
if [] then [st6] 
while [st6] 
if [] then [st7] 
while [st7] 
if [] then [st8] 
while [st8] 
if [] then [st9] 
while [st9] 
if [] then [sta] 
while [sta] 
if [] then [stb] 
while [stb] 
if [] then [stc] 
while [stc] 
if [] then [std] 
while [std] 
if [] then [ste] 
while [ste] 

if [] then [stf] with [ol] 
while [stf] 

if [] then [stO] with [oO] 

Figure 1 . SNAP State Equations 
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@P INLIST 
elk i; 
init i ; 
outl o; 

©GROUPS 
0 TRUTHTABLE 
0 LOGIC EQUATIONS 

"Simple four bit binary counter that" 

"uses toggle feature of JK flip-flops." 

"Because of p-term sharing, only 4 p-terms" 

"are needed to implement this counter." 

cO.j = 1; 
cO.k = 1; 
cl . j = cO ; 
cl.k = cO; 
c2.j = cO * cl; 
c2 .k = cO * cl; 
c3.j = cO * cl * c2; 
c3.k = cO * cl * c2; 

c[3..0].rst = /init; "Use INIT function pin (19) to reset counter" 
outl.rst = /init; " and to reset output pin" 

"In this example the counter is free-running." 

"Outl will be high when the count is 1111B and" 

"will be forced low when the counter translations" 

"from 1111 to 0000 binary or reset by pin 19." 

outl. j = c3*c2*cl*/c0; 
outl.k = c3*c2*cl* cO; 

0 INPUT VECTORS 
0OUTPUT VECTORS 
0 STATE VECTORS 
@ TRANSITIONS 


Figure 2. Counter Boolean Equations 
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8PINLIST 
elk i; 

Inlt 1 ; 
outl o; 
out 2 o; 

8 GROUPS 
8TRUTHTABLE 
6 LOGIC EQUATIONS 

"Simple four bit binary counter" 

cO.j = 1; 

cO.k = 1; 

ol.j = cO; 

cl.k = cO; 

c2.j = cO * cl; 

c2 . k = cO * cl ; 

c3.j = cO * cl * c2 ; 

c3.k = cO * cl * c2; 

c[3..0].rst = /init; "Use INIT function pin <19) to reset counter" 

s[1..0].rst = /init; " and state registers" 

out [2. .1] .rst = /init; " and output pins" 

8INPUT VECTORS 
6 OUTPUT VECTORS 
[outl, out2] jkffr 

00 = 0-b; 

01 = 1-b; 

02 = -Ob; 

03 = -lb; 

8STATE VECTORS 
[si, sO] jkffr 
stO = 00b; 
stl = 01b; 
st2 = 10b; 
st3 = lib; 

8TRANSITIONS 

"In this example the counter outputs are used" 

" as inputs to the state machine" 

while [stO] 

if [c3*c2*cl*/c0] then [stl] with [ol] "move to state 1 when counter goes" 

"from E hex to F hex" 

while [stl] 

if [] then [st2] with [oO] "upon next clock go to state 2 and" 

"reset output" 

while [st2] 

if [/c3*c2*cl*/c0] then [st3] with [o3] "wait here until count = 6 hex" 

"then go to state 3 and set out2" 

while [st3] 

if [] then [stO] with [o2] "goto state 0 and reset out2" 


Figure 3. Counter Connected to State Machine 
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gP INLIST 

elk i; outl o; 
ini i; out2 o; 
init i; 

gGROUPS 
gTRUTHTABLE 
gLOGIC EQUATIONS 

"Four bit binary counter" 

"controlled by state machine state register bits" 

cO . j = /sl*/s2; "Counter will be forced to 0000 upon" 

cO.k = /si; "clock and state bit s2 high." 

cl.j = /si * cO * /s 2; "Counter won't count unless state" 

cl.k = /si * cO; "register si is low. (won't count" 

c2 . j = /si * cO * cl * /s2; "in state stl) " 
c2.k = /si * cO * cl; 

c3 . j = /si * cO * cl * c2 * /s2; 

c3.k = /si * cO * cl * c2; 

c[3..0].rst = /init; "Use INIT function pin (19) to reset counter" 

s[2..0].rst = /init; " and state registers" 

out [2 . .1] .rst = /init; " and output pins" 

g INPUT VECTORS 
gOUTPUT VECTORS 
[outl, out2] jkffr 

00 = 0-b; 

01 = 1-b; 

02 = -Ob; 

03 = -lb; 

g STATE VECTORS 
[s2, si, sO] jkffr 
stO = 000b; 
stl = -10b; 
st2 = -01b; 
st3 = 111b; 

g TRANS IT IONS 

"In this example the counter outputs are used" 

"as inputs to the state machine and some of the" 

"state register bits S2 and SI control the operation" 

"of the counter." 

while [stO] 

if [/c3*c2*/cl*c0] then [stl] with [ol] "move to state 1 when counter goes" 

"from 5 hex to 6 hex" 

while [stl] 

if [ini] then [st2] with [oO] "when input 'ini = high' go to state 2 but" 

"hold counter at 6 while waiting for ini" 

while [st2] 

if [c3*/c2*/cl*/c0] then [st3] with [o3] "wait here until count = 8 hex" 

"then go to state 3 and set out2" 

while [st3] 

if [] then [stO] with [o2] "goto state 0 and reset out2" 

"and counter" 


Figure 4. Counter Enable and Reset Functions Controlled 


"Note the special state assignments to" 
"simplify one state bit connections to" 
"the counter . " 
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8PINLIST 
elk i; 
ignd i; 
init i; 
outl o; 

@ GROUPS 
8TRUTHTABLE 
8 LOGIC EQUATIONS 

"Four bit binary counter" 

"modified to count from" 

"0 to 11 and then reset." 

cO . j = nor; 

cO .k = nor; 

cl.j = nor * cO; 

cl.k = nor * cO; 

c2.j = nor * cO * cl; 

c2.k = (nor * cO * cl) + countl2; 

c3 . j = nor * cO * cl * c2 ; 

c3.k = (nor * cO * cl * c2) + count 12; 

countl2 = c3*c2*/cl*/c0; 
nor = / (countl2+ignd) ; 

"When count=ll, then output NOR is LOW, disabling the product terms" 

"that cause the counter to count. Another product term ( count 12 ) " 
"connects to the registers of the counter that are HIGH K-inputs, " 
"forcing it to all zeros upon the next clock. These connections may" 

"be modified to alter the upper count limit." 

c[3..0].rst = /init; "Use INIT function pin (19) to reset counter" 
outl.rst = /init; " and to reset output pin" 

"In this example the counter is free-running." 

"Outl will be high when the count is 1100B and" 

"will be forced low when the counter translations" 

"from 1100 to 0000 binary or reset by pin 19." 

outl.j = c3*/c2*cl*c0; 
outl.k = c3*c2*/cl*/c0; 

"For SNAP 1.90 to implement this design in a minimum number of product 
terms, two passes through the merger are necessary. First, generate a 
netlist normally - running NETCONV and MERGER. Then, highlight equations 
in the MERGER box to extract the equations from the netlist. Run the 
extracted equations through the minimizer (EQNGEN) . Run through NETCONV 
(Minimized) and MERGER again to produce a minimized netlist. The design 
may then be compiled for the device . " 

8 INPUT VECTORS 
80UTPUT VECTORS 
8STATE VECTORS 
8 TRANS IT IONS 


Figure 5. Modulo-n Counter 


665 






Philips Semiconductors Programmable Logic Devices 


CMOS sequencers 


INTRODUCTION 

Philips Semiconductors invented the 
programmable logic sequencer with the 
82S105 back in 1 979. Since that time, 
additional parts were introduced, with a wide 
following of users who got programmable 
state machines into their designs. But, many 
potential users are still confused about what 
a sequencer is. Let us clarify that by simply 
stating that a sequencer is a programmable 
logic device capable of making user 
configurable state machines in a single chip. 
The first sequencers were configured with a 
programmable logic array (PLA) connected to 
a group of flip-flops. For state machine 
designs, the choice of either S-R or J-K 
flip-flops was appropriate because of logic 
efficiency. D flip-flops may be used, just as 
well, but are less efficient. Also, the restriction 
of using a PLA may not be mandatory. Many 
have used fixed-OR structures driving D 
flip-flops, and found the resulting solutions 
satisfactory. Hence, the broad definition of a 
sequencer is simply a programmable logic 
device with flip-flops. The inclusion of 
additional features beyond these basics can 
make all the difference in the world, and will 
be shown to be quite useful. Among the 
critical additional features are: A complement 
array, buried versus exposed flip-flops, 
independent flip-flop clocking and 
independent asynchronous set and reset 


capabilities. As well, something as simple as 
permitting some flip-flops to be clocked on 
rising clock edges and others on falling edges 
can have far-reaching performance 
implications. 

This booklet will look at three parts that are 
sequencers, but which also have the 
additional property of being made from 
CMOS, so they have some low power 
capabilities that similar bipolar devices do not 
have. These devices are the PLC18V8Z, the 
PLC415 and the PLC42VA12. Each of these 
devices will be presented with a detailed 
application described that is appropriate to 
that device. After an initial description of the 
parts is given, a brief discussion of 
power-saving techniques is given. Then the 
example applications are detailed with 
complete design files which can be run on 
Philips Semiconductors design software. 

The PLC18V8Z 

Figure 1 shows the PLC18V8Z logic diagram. 
As can be seen, there is a large 
programmable region that can interconnect 
input lines and feed back logic values to a 
region where they may be associated with 
the inputs to AND gates at small fixed-OR 
sites. This is termed Programmable Array 
Logic (PAL®). The outputs of the fixed-OR 
sites then drive into macrocells (the little 


boxes in Figure 1). The macrocell is detailed 
in Figure 2, where it is seen that the 
macrocell consists of one D flip-flop, three 
multiplexors, an exclusive-OR gate (for 
polarity control), configuration programmable 
sites and feedback paths. The output points 
of the macrocells have access to the chip’s 
output pins. By configuring the macrocell 
multiplexors, it is possible for a signal coming 
into the macroceli to be routed (by MUX) to 
the output pins (from the combinational logic 
area) to take the flip-flop output to the pins, to 
feed back the flip-flop to the main logic array, 
or accept the “F” pin as in input. Because a 
large number of applications are “byte" 
oriented, eight macrocells fits in a data 
oriented system. The number of applications 
that require no more than 8 product terms per 
OR gate cluster, is also very large, and 
includes counters, shifters, pattern 
recognizers and handshakers. It should also 
be noted that a special output is dedicated on 
the macrocell to permit 3-State control of the 
output pins, from the programmable array. 

Designers familiar with generic array logic 
(GAL™) will appreciate that the PLC18V8Z is 
intentionally pinned to be directly compatible 
with the 20-pin 16V8 device. This means that 
the PLC18V8Z can replace the long list of 
fixed-OR devices that includes the popular 
16L8, 16R8, 16R6, 16R4, etc. 


®PAL is a registered trademark of Advanced Micro Devices, Inc. 
GAL is a trademark of Lattice Corp. 
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The PLC415 

The PLC415 is shown in Figure 3, in a 
shorthand form. The actual part incorporates 
groups of J-K flip-flops with a programmable 
logic array. The flip-flops are logically 
grouped by virtue of association to specific 
output pins and association with particular 
clock inputs. The PLC415 illustrates both 
exposed flip-flops (Q outputs directly tied to 
the output pins) and buried flip-flops (Q 
outputs fed directly back to the 
programmable interconnect region). 
Sometimes, the outputs of the buried 
flip-flops are referred to as the state variable 
register because they capture next-state 
information to generate the transition signals 
for driving other flip-flop inputs. It should be 
noted that the PLC41 5 associates one group 
of four buried flip-flops, to a specific group of 
4 exposed flip-flops by virtue of common 
clock inputs. Hence, this group can be 
thought of as a single, synchronous 
programmable state machine. The 64 product 
terms are available to be freely 
interconnected to any of the flip-flop OR gate 
inputs. There are no connection restrictions, 
and complete freedom of sharing. The 
second state machine can also use any of 
the AND gates as needed. 

One of the powerful features of the PLC415, 
which is not available on registered fixed-OR 


devices, is multiple clock source availability. 
This, coupled with independent 3-State 
controls, permits some unique inherent output 
multiplexing capabilities. 

Another feature that has been seldom 
understood, is the “complement term.” 
Basically, the complement term is a NOR 
gate located in the PLC415 PLA, to permit 
efficient next-state transitioning. If flip-flop 
transitions are accomplished with Boolean 
products (asserted to logical “1 " at their 
outputs), the state machine will transition 
accordingly. Usually, this is thought of by 
saying “If the machine is in state X, and an 
input of Z occurs, then assume the next state 
of W.” What happens if input value Z doesn’t 
occur? Usually, the machine will then stay in 
state X. But what if it is desired to move to 
another state if there are no asserted input 
conditions present? The logic designer is 
confronted with generating a function that 
provides the correct, positive asserted 
transition terms. This consumes lots of 
product terms, and the designer quickly 
depletes AND gates. However, by logically 
combining a product term that decodes the 
present state, with the missing input 
combination, a logical product will be 
generated permitting a next-state transition to 
occur when the input condition is absent. This 
product can be sent to the NOR term 


(i.e., complement term), which generates a 
logical “1 ” when all of its inputs are at a 
logical “0”. This NOR output can force a 
transition from state X to state Y. This is 
commonly referred to as generating a logical 
“else” condition. Hence, using the 
complement term, a state transition may be 
described as “if state X and input Z, then 
state W, else state Y.” A particularly slick 
feature of this attribute is that by combining 
the current state with the queried input into a 
product term, other product terms can be 
included in the complement NOR gate, which 
decode different states and input conditions. 
The state transition payoff is that only one 
complement term is really ever needed per 
state machine, to get the “else transitions” 
from all possible states. Because the PLC415 
can build two independent machines, it 
includes two complement terms. The Philips 
Semiconductors design software SNAP 
automatically use the complement term to 
perform “else state transitions.” Because the 
complement term requires a signal to pass 
through the programming array twice before 
hitting a flip-flop input, there is a small speed 
penalty to use it. However, there is a major 
payoff in terms of AND gate usage. This 
feature has literally become a signature item 
in most Philips Semiconductors sequencers. 
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The PLC42VA12 was recently (December 
1989) heralded as one of the top 
programmable logic devices of the year by 
Electronic Design magazine. Its architecture 
solves more standard design problems for a 
24-pin device than any other comparable 
device. The PLC42VA12 is so flexible that 
designers are permitted nearly unrestricted 
design freedom. Incorporating 10 J-K 
flip-flops with a large PLA, the designer is 
able to clock each flip-flop from a distinct 
source. Each flip-flop has asynchronous set 
and clear, and flip-flop outputs either pass to 
an output pin, back into the programming 
array, neither, or both. Using an output pin 


does not force the associated flip-flop 
function to be lost, and outputs are 3-State 
controlled in small groups, from either 
dedicated pins, or from the PLA. The 
PLC42VA12 also has two combinational 
outputs. As can be seen in Figure 4, the 
combinational output points are driven from 
polarity controlling Exclusive-OR gates. It 
should be noted that the PLC42VA12 has 
been designed for compatibility with the 
popular 22V 10 device. Designers that have 
enjoyed the 22V10, but needed greater 
flexibility, will appreciate additional freedom in 
designing with the PLC42VA1 2. 

Functional independence is a key feature of 
the PLC42VA12. By having separate clocks 


for each flip-flop, the designer may treat each 
flip-flop as a separate element. Most PLDs 
assign a single clock to large groups of 
flip-flops, which forces the designer to restrict 
the applications to standard synchronous 
state machines. The PLC42VA1 2 permits a 
designer to build up to 10 (granted, simple) 
state machines in a single chip. But basically, 
design freedom is maximized in a 
PLC42VA12. Additionally, the asynchronous 
reset and set inputs are carefully partitioned 
among the flip-flops to minimize restrictive 
design practices. As usual, the complement 
term is available for efficient utilization of the 
“IF-THEN-ELSE" syntax. 
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CMOS POWER IN PLDS 

When one first thinks of CMOS, zero power is 
one concept that comes to mind. A CMOS 
device should consume not power in a DC 
state, and when switching the power should 
be proportional to the frequency. This idea 
seems to make the thought of a zero power 
CMOS PLD a natural one. Yet, when one 
examines the CMOS PLD marketplace, only 
a fraction of the devices claim the mantle of 
zero power. An understanding of the basic 
concepts can be vital. 

With the exception of two architectures, all 
CMOS PLDs are constructed using an 
electrically erasable (EEPROM) or ultraviolet 
erasable (EPROM) cell similar to that shown 
in Figure 1 . It should be pointed out that a 
true CMOS E 2 or EPROM memory cell does 
not exist. The core of almost all CMOS PLDs 
is an array of NMOS transistors. By wrapping 
the NMOS core with CMOS I/O cells, the 
illusion of a CMOS PLD is created (Figure 2). 
The only fallacy behind this is that NMOS 
devices consume power in a DC state. The 
array of NMOS devices are continually fed 
power to maintain optimum speed. This 
means that even in a DC state, where the 
device is not switching, the power level is in 
the 10’s of mA. The main advantage here is 
that since only the array consumes power, 
the l C c of the device will be much less than 
similar bipolar PLDs. If we could “eliminate" 
the power to the array, the power drops to 
levels expected from CMOS devices. 

There are two classical electronic techniques 
used to eliminate the Ice to the die core, and 
Philips Semiconductors uses both of them 
depending on the part. Both techniques have 
inherent disadvantages, but lower Icc 
dramatically. The first method is through the 
use of a special pin. When correctly asserted, 
a series blocking transistor(s) that supplies 
power to the core is turned off. This requires 
an external signal to control when Icc is to be 
blocked and the core becomes “asleep" or 
inoperable. 


To wake up the part, the power down 
condition must be released. Placing the part 
into and out of power down mode takes time 
and this impedes performance. Figure 3 
illustrates the power saving approach of a 
dedicated control pin with the specific 
transaction for the PLC415. Note that PD 
(Power Down) must be asserted (i.e., logic 
“1 ”) and released (logic "0”) with a specific 
timing relationship to the clock. If the timing is 
maintained, the device will power down and 
power back up in the same state. Should the 
timing be altered, the internal state may be 
lost. 

From a simple viewpoint, the other method, 
which is used in Philips Semiconductors 
18V8Z, is more convenient. This technique, 
called “Input Transition Detection” (ITD), has 
been adapted from MOS memory design. A 
diagram of the key circuitry is shown in 
Figure 4. If any input makes either a 
high-to-low or low-to-high transition, the ITD 
senses it and sends a pulse to the array 
supply module. The supply in turn provides 
power to the array for a period of time long 
enough that the contents of the array can be 
latched. This data is now available as inputs 
into the I/O buffers for further processing. 
Once the data has been latched, there is no 
need for the array to consume power. The 
width of the power pulse is designed so it 
only need fulfill this function. This period of 
time, approximately 20ns for the 18V8Z, is 
much shorter than the cycle time of the 
device (35ns for the 1 8V8Z). This means that 
the array only consumes power for 57% of 
each cycle. Obviously when longer cycles are 
used, the percentage is reduced. The rest of 
the circuitry obeys CMOS rules. The IDT 
feature gives a device more typical of a 
traditional CMOS technology. When all inputs 
are at static CMOS levels, power to the array 
is turned off so the device consumes a 
current of less than lOOpA. Unlike some zero 
power PLDs, there is no surge in current 


once the device becomes active. When 
switching, the current of the 18V8Z rises at a 
linear rate which is typically 1mA per MHz. 

The key to the technique is the Input 
Transition Detection circuit. Shown in 
Figure 5 is a simplified ITD implementation. 
When any of the inputs makes a transition, 
the output of the Ex-OR gate, as well as the 
OR gate, goes high for a period determined 
by the delay circuit. This “power signal” is 
what feeds the array supply circuit which 
eventually powers the array. The width of the 
delay varies across temperature to 
compensate for faster speeds at cold 
temperatures and slower speeds at hot 
temperatures. 

Waveforms for the ITD circuit are shown in 
Figure 6. When input A makes a low-to-high 
transition, the power signal goes high for a 
period of tAP after a delay of top. From these 
waveforms, it is easy to see one of the 
disadvantages of this method. When several 
inputs are applied to the device in a system 
environment, there will be a finite amount of 
skew between the inputs. Since all inputs are 
tied to the ITD circuitry, pulses will be 
generated for each input. An example of this 
is shown in Figure 7. The power signal is 
initially triggered by input A. Input B, which is 
skewed from input A by the time ts«Ew 
generates its own power pulse, which is 
ORed to the pulse generated by input A. This 
makes the power pulse last longer in a 
system environment, which means the device 
will consume more power than originally 
anticipated. 

A disadvantage of the ITD circuit is a speed 
penalty. Two factors in the design reduce the 
speed. Since the array is not continuously 
powered, some delay is incurred by the ITD 
circuit to provide array power. The other 
speed penalty is paid in the data latches. 
These latches are necessary to store the 
array contents. 



October 1993 


673 







Philips Semiconductors Programmable Logic Devices 


Application Note 


CMOS power in PLDs 


AN0301 



LAST VALID 
ADDRESS 


LAST VALID 
CLOCK 



FIRST VAUD 
CLOCK 


LAST VAUD 
STATE 



Figure 3. Power Down Enable and Disable 



Figure 4. CMOS PLD with ITD 
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PLC18V8Z APPLICATIONS 

The 80C51 microcontroller and its CMOS 
derivatives have two power reducing modes, 
Idle and Power Down. The Power Down 
mode reduces the device's current to less 
than 50pA by only keeping the on-chip RAM 
and SFRs data intact. In order to resume 
operation while in the Power Down mode, it is 
necessary to apply a reset to the 
microcontroller. 

The PLC18V8Z is in a low power mode 
whenever its inputs are not switching, 
drawing less than lOOpA. An input transition 
causes the PLC18V8Z to power up its 
internal array for a short time, latch a valid 
output and then return to low power mode. 
Because of this transparent power reduction 
feature and its programmability, the 
PLC1 8V8Z is an excellent device to use in 
low power applications with an 80C51 
microcontroller. 

Two examples of using the PLC18V8Z with a 
SC87C751 microcontroller are presented. 
Both applications use the PLC18V8Z to 
detect events while the SC87C751 is in a 
Power Down mode and then reset (wake up) 
the microcontroller. The first example, shown 
in Figure 1, uses the PLC18V8Z as an 8-bit 


priority encoder. SNAP pin layout and listing 
of the circuitry fused inside the PLC18V8Z is 
shown in Figure 2. 

Whenever one of the inputs I7 - lo goes LOW, 
a binary representation of its position is 
output on pins A 3 - Aq. If more than one input 
is Active-LOW, then the input with the highest 
priority is represented on the output, where l 7 
has the highest priority. Another output, EO, 
is not connected to the microcontroller but is 
used to control the RST output of the 
PLC18V8Z. EO is Active-LOW anytime all 
inputs are high. Actually, the PLC18V8Z 
could easily be reprogrammed to output the 
inverse of this signal which could be tied to 
the interrupt line of the microcontroller to 
generate an interrupt anytime one or more 
inputs were low. 

Pin 16 of the PLC18V8Z, labeled RST, is the 
output of a 3-State buffer whose input is 
always high. The buffer's control line is tied 
internally to a product term which is enabled 
by EO and an input from the microcontroller 
labeled RSTEN. The RST buffer may be in 
only two states, either driving a high 
(resetting the SC87C751 ) or 3-State (allowing 
C 3 to discharge), enabling normal operation 
of the microcontroller. Before entering the 


Power Down mode, the microcontroller 
should force RSTEN low. Then, any low on l 7 
- 1 0 will cause EO and also RST high, 
resetting the microcontroller. When the 
microcontroller is reset, it will force its ports to 
input mode and since Pi and P 3 have internal 
pull-up resistors, RSTEN will go high forcing 
RST into the 3-State mode allowing C 3 to 
discharge. 

The second example, shown in Figure 3, with 
SNAP pin layout and listing in Figure 4, uses 
the PLC18V8Z to monitor three 
microcontroller input lines (Inc - Ina) and 
reset the microcontroller upon any change. 
Three internal registers inside the PLC18V8Z 
are used to hold the states or levels of the 
input lines prior to entering Power Down 
mode. Before entering Power Down mode, 
the microcontroller should clock into the 
PLC18V8Z the states of Inc - Ina with the 
LOAD signal. Comparator logic fused into the 
PLC18V8Z compares the output of the 
registers to the three input lines. The RST 
output of the PLC18V8Z operates in a similar 
manner to the first example to reset the 
microcontroller whenever RSTEN is low and 
the output of the comparator is false. 
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*★*★************★★★★★★★*★*★*★★★ ******★★*****★*■*■*■★*★**★■*★★*** 

* PLC18V8Z 20-Pin DIP Package Pin Layout * 

* Date: 10/03/93 Time: 15:27:00 * 

************************************************************ 


LOAD [ 1 | IO/CLK 
INA [ 2 | II 
INB [ 3 1 12 
INC [ 4 | 13 
RSTEN £ 5 | 14 
[ 6 1 15 
[ 7 1 16 
[ 8 1 17 
[9|I8 
[10 |GND 


VCC | 20] 
F7 1 19] 
F6 | 18] 
F5 | 17] 
F4 | 16] 
F3 | 15] 
F2 | 14] 
FI | 13] 
F0 | 12] 
19/ OE |11] 


LOAD i ; INA i; INB i; 

INC i; RSTEN i;OEN i; 

OUTA o ; OOTB o;OUTC o; 

COMP o ; NDA o;NDB o; 

NDC o ; RST o; 

0GROUPS 
0TRUTHTABLE 
§ LOGIC EQUATIONS 

da.d = ina; "flip-flop 

da. elk = load; 

nda = /da; "invert bu: 

tion" 

nda . oe = / oen ; 

db. d = inb; 

db. clk = load; 
ndb = /db; 

ndb. oe = /oen; 

dc. d = inc; 
dc.clk = load; 
ndc = /dc; 

ndc. oe = /oen; 

outa = da*ina + /da*/ina; 
outb = db*inb + /db*/inb; 
outc = dc*inc + /dc*/inc; 
comp = outa * outb * outc; 

rst = 1; 

control" 

rst.oe = /rsten * /comp; 
is low and no compare" 

8 INPUT VECTORS 
80UTPUT VECTORS 
@ STATE VECTORS 
0TRANSITIONS 


"flip-flop equation" 

"invert buffer to pin equa- 


' comparator" 


"3-state reset 


'enable when rsten 


Figure 4. 
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PLC415 APPLICATIONS 

This example places 2 independent stepper 
motor controllers in one PLC415. Each 
individually clocked controller includes a 
direction input as well as full and half step 
control. Individual set inputs force the internal 
state and output registers to state #1 . Pin 19 


is fused as a power-down input and may be 
used to reduce current consumption while the 
motors are stationary. 

Suppose a stepper motor needs the 
sequence of data shown in Table 1 Clockwise 
rotation is performed by applying outputs 
associated with steps 1 through 8, while 


counter-clockwise rotation is achieved by 
applying outputs corresponding to 8 through 
1 . Each state or step in this table is actually 
one half step to the motor. A full step skips 
one state. 

SNAP listings for this example are shown in 
Figures 3 and 4. 


Table 1 . Half Step Sequence 


STATE 

W1D 

W1C 

W1B 

W1A 

STEP 1 

0 

1 

0 

1 

STEP 2 

0 

0 

0 

1 

STEP 3 

1 

0 

0 

1 

STEP 4 

1 

0 

0 

0 

STEP 5 

1 

0 

1 

0 

STEP 6 

0 

0 

1 

0 

STEP 7 

0 

1 

1 

0 

STEP 8 

0 

1 

0 

0 


v 



Figure 1. Stepper Control Circuit 
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@P INLIST 
clkl i; 
clk2 i; 
fhstpl i; 
dirl i; 
setl i; 
set2 1; 
dir2 i; 
fhstp2 i; 


SGROOPS 
6 TRUTHT ABLE 
@ LOGIC EQUATIONS 
wla.clk = clkl; "i 

wla. set = setl; "< 

w lb. elk = clkl; 

wlb. rst = setl; 

wlc. clk = clkl; 

wlc. set = setl; 

wld. clk = clkl; 
wld.rst = setl; 

pla.clk = clkl; 

pla. set = setl; " 

p lb. elk = clkl; 
plb.rst = setl; 
pic. elk = clkl; 
pic. set = setl; 
pld.clk = clkl; 
pld.rst = setl; 

w2a.clk = clk2; 
w2a.set = set2; 
w2b.clk = clk2; 
w2b.rst = set2; 
w2c.clk = clk2; 
w2c.set = set2; 
w2d.clk = clk2; 
w2d.rst = set 2; 

p2a.clk = clk2 ; 
p2a. set = set 2; 
p2b . elk = clk2; 
p2b.rst = set 2; 
p2c.clk = clk2; 
p2c . set = set2; 
p2d.clk = clk2; 
p2d.rst = set2; 

e INPUT VECTORS 
60UTPUT VECTORS 
[wld, wlc, if lb, wla] 
stepl = 0101b; 
step2 = 0001b; 
step3 = 1001b; 
step4 = 1000b; 
steps = 1010b; 
step6 = 0010b; 
step7 = 0110b; 
step8 = 0100b; 


"clock S set/rst for" 
"output flip-flops" 


"clock £ set/rst for" 
"internal flip-flops" 


"output flip-flops" 


'internal flip-flops" 


Figure 4. SNAP Listing: .EQN File (1 of 3) 
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[w2d, w2c, w2b, w2a] 
etepla= 0101b; 
step2a= 0001b; 
step3a= 1001b; 
step4a= 1000b; 
step5a= 1010b; 
step6a= 0010b; 
step7a= 0110b; 
step8a= 0100b; 

eSTATE VECTORS 
[pld , pic , plb , pla] 

stpl = 0101b; "state machine # 1" 

stp2 = 0001b; 

stp3 = 1001b; 

stp4 = 1000b; 

stp5 = 1010b; 

stp6 = 0010b; 

stp7 = 0110b; 

stp8 = 0100b; 

[p2d, p2c, p2b, p2a] 

stpla= 0101b; "state machine # 2" 

stp2a= 0001b; 

stp3a= 1001b; 

stp4a= 1000b; 

stp5a= 1010b; 

stp6a= 0010b; 

stp7a= 0110b; 

stp8a= 0100b; 

@TRANSITXONS 

"motor controller #1" 
while [stpl] 

if [ fhstpl* dirl] then [stp3] with [step3] "full step forward" 

if [/fhstpl* dirl] then [stp2] with [step2] "half step forward" 

if [ fhstpl*/dirl] then [stp7] with [step7] "full step backward" 

if [/fhstpl*/dirl] then [stp8] with [step8] "half step backward" 

while [stp2] 

if [ fhstpl* dirl] then [stp4] with [step4] 

if [/fhstpl* dirl] then [stp3] with [step3] 

if [ fhstpl*/dirl] then [stp8] with [step8] 

if [/fhstpl*/dirl] then [stpl] with [stepl] 

while [stp3] 

if [ fhstpl* dirl] then [stp5] with [step5] 

if [/fhstpl* dirl] then [stp4] with [step4] 

if [ fhstpl*/dirl] then [stpl] with [stepl] 

if [/fhstpl*/dirl] then [stp2] with [step2] 

while [stp4] 

if [ fhstpl* dirl] then [stp6] with [stepS] 

if [/fhstpl* dirl] then [stp5] with [step5] 

if [ fhstpl*/dirl] then [stp2] with [step2] 

if [/fhstpl*/dirl] then [stp3] with [step3] 

while [stp5] 

if [ fhstpl* dirl] then [stp7] with [step7] 

if [/fhstpl* dirl] then [stp6] with [step6] 

if [ fhstpl*/dirl] then [stp3] with [step3] 

if [/fhstpl*/dirl] then [stp4] with [step4] 

while [stpfi] 

if [ fhstpl* dirl] then [stp8] with [step8] 

if [/fhstpl* dirl] then [stp7] with [step7] 

if [ fhstpl*/dirl] then [stp4] with [step4] 

if [/fhstpl*/dirl] then [stp5] with [step5] 


Figure 4. SNAP Listing: .EQN File (2 of 3) 
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while [stp7] 

if [ fhstpl* dirl] 

then 

[stpl] 

with 

[stepl] 



if [/fhstpl* dirl] 

then 

[stp8] 

with 

[ step8 ] 



if [ fhstpl*/dirl] 

then 

[stp5] 

with 

[step51 



if [/fhstpl*/dirl] 

then 

[stp6] 

with 

[step6] 



while [stp8] 

if [ fhstpl* dirl] 

then 

[ st P 2 ] 

with 

[ step2 ] 



if [/fhstpl* dirl] 

then 

[stpl] 

with 

[stepl] 



if [ fhstpl*/dirl] 

then 

rstp6i 

with 

[step6] 



if [/fhstpl*/dirl] 

then 

[stp7] 

with 

[step7] 



"motor controller #2" 






while [stpla] 
if [ fhstp2* dir2] 

then 

[stp3a] 

with 

[step3a] 

“full 

step forward" 

if [/fhstp2* dir 2] 

then 

[stp2a] 

with 

[step2a] 

“half 

step forward" 

if [ fhstp2*/dir2] 

then 

[stp7a] 

with 

[step7al 

"full 

step backward" 

if [/fhstp2*/dir2] 

then 

[stp8a] 

with 

[step8a] 

"half 

step backward" 

while [stp2a] 
if [ fhstp2* dir 2] 

then 

[stp4a] 

with 

[step4a] 



if [/fhstp2* dir2] 

then 

rstp3a] 

with 

[step3a] 



if [ fhstp2 */dir2 ] 

then 

[stp8a] 

with 

[step8a] 



if [/fhstp2*/dir2] 

then 

[stpla] 

with 

[stepla] 



while [stp3a] 
if [ fhst P 2* dir 2] 

then 

[stp5a] 

with 

[ step5a] 



if [/fhstp2* dir 2] 

then 

[stp4a] 

with 

rstep4a] 



if [ fhstp2*/dir2] 

then 

[stpla] 

with 

[stepla] 



if [/fhst P 2*/dir2] 

then 

[stp2a] 

with 

[step2a] 



while [stp4a] 
if [ fhstp2* dir2] 

then 

[stp6a] 

with 

[step6a] 



if [/fhstp2* dir 2] 

then 

[stp5a] 

with 

[stepSa] 



if [ fhst P 2*/dir2] 

then 

[stp2a] 

with 

[step2a] 



if [ / fhstp2 */dir2 ] 

then 

[stp3a] 

with 

[step3a] 



while [stpSa] 
if [ fhst P 2* dir 2] 

then 

[stp7a] 

with 

[step7al 



if [/fhstp2* dir2] 

then 

[stp6a] 

with 

[step6a] 



if [ fhstp2*/dir2] 

then 

[stp3a] 

with 

[step3a] 



if [/fhstp2*/dir2] 

then 

[stp4a] 

with 

[step4a] 



while [stp6a] 
if [ fhstp2* dir2] 

then 

[stp8a] 

with 

[step8a] 



if [/fhstp2* dir2] 

then 

[stp7a] 

with 

[step7a] 



if [ fhstp2*/dir2] 

then 

[stp4a] 

with 

[step4a] 



if [/fhstp2*/dlr2] 

then 

[stp5a] 

with 

[step5a] 



while [stp7a] 
if [ fhstp2* dir 2] 

then 

[stpla] 

with 

T stepla] 



if [/fhstp2* dir2] 

then 

[stp8a] 

with 

[step8a] 



if [ fhstp2*/dir2] 

then 

[stp5a] 

with 

T step5al 



if [/fhstp2*/dir2] 

then 

[stp6a] 

with 

[step6a] 



while [stp8a] 
if [ fhstp2* dir 2] 

then 

[stp2a] 

with 

[step2a] 



if [/fhstp2* dir 2] 

then 

[stpla] 

with 

[stepla] 



if [ fhstp2 */dir2 ] 

then 

[stp6a] 

with 

T step6al 



if [/fhstp2*/dir2] 

then 

[stp7a] 

with 

[step7a] 






Figure 4. SNAP Listing: .EQN File (3 of 3) 
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DOUTI = outa*outb*outc*outd*oute*outf *outg*outh*/ load* /modeO* /model 
+ outb*outc*outd*oute*outf * out g*outh* /model *modeO*/ load 
+ out c *out d*out e * out f*outg*outh*model* /modeO* /load; 

QOUTI.J = DOUTI + XOUTI; 

QOUTI.K = DOUTI + YOUTI; 

DOUT J = outa*outb*outc*outd*oute*outf *outg*outh*outi*/load*/modeO*/model 
+ outb*outc*outd*oute*outf*outg*outh*outi*/model*modeO*/load 
+ outc*coutd*oute*outf*outg*outh*outi*model*/modeO*/load; 

QOUTJ.J = DOUT J + XOUTJ; 

QOUTJ.K = DOUT J + YOUTJ; 

CO = outa*outb*outc*outd*oute*outf *outg*outh*out i*out j*/load*/modeO*/model 
+ outb*outc*outd*oute*out f *outg*outb*out i*out j* /model *modeO*/ load 
+ out c*outd*oute *out f *outg*outh*out i*out j*model* /modeO*/ load; 

* Reset for all flip-flops " 

QOUTA.RST = RST ; 

QOUTB.RST = RST; 

QOUTC.RST = RST; 

QOUTD.RST = RST; 

QOUTE.RST = RST; 

QOUTF.RST = RST; 

QOUTG.RST = RST; 

QOUTH.RST = RST; 

QOUTI.RST = RST; 

QOUTJ.RST = RST; 

" Flip-flops are followed by tristate outputs which drive the pin " 

OUTA = /QOUTA; 

OUTB = /QOUTB; 

OUTC = / QOUTC; 

OUTD = /QOUTD; 

OUTE = /QOUTE; 

OUTF = / QOUTF; 

OUTG = /QOUTG; 

OUTH = /QOUTH; 

OUTI = /QOUTI ; 

OUT J = /QOUTJ; 

OUTA. OE = TOE; 

OUTB . OE = TOE; 

OUTC .OE = TOE; 

OUTD .OE = TOE; 

OUTE . OE = TOE; 

OUTF . OE = TOE; 

OUTG . OE = TOE; 

OUTH . OE = TOE; 

OUTI .OE = TOE; 

OUT J -OE = TOE; 


Figure 1 . SNAP Files (2 of 3) 
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"Pins are fed 

back. 

to flip-flops using tristate inputs (FF load)" 

XOUTA = 

/OUTA 



"feed-back to J is inverted" 

YOUTA = 

OUTA 



"feed-back to K IS NOT inverted" 

XOUTB = 

/OUTB 




YOUTB = 

OUTB 




XOUTC = 

/OUTC 




YOUTC = 

OUTC 




XOUTD = 

/OUTD 




YOUTD = 

OUTD 




XOUTE = 

/OUTE 




YOUTE = 

OUTE 




XOUTF = 

/OUTF 




YOUTF = 

OUTF 




XOUTG = 

/OUTG 




YOUTG = 

OUTG 




XOUTH = 

/OUTH 




YOUTH = 

OUTH 




XOUTI = 

/OUTI 




YOUTI = 

OUTI 




XOUTJ = 

/OUTJ 




YOUTJ = 

OUT J 




XOUTA. LD 

= LOAD 



XOUTB . LD 

= LOAD 



XOUTC. LD 

= LOAD 



XOUTD. LD 

= LOAD 



XOUTE. LD 

= LOAD 



XOUTF. LD 

= LOAD 



XOUTG . LD 

= LOAD 



XOUTH. LD 

= LOAD 



XOUTI. LD 

= LOAD 



XOUTJ. LD 

= LOAD 



YOUTA. LD 

= LOAD 



YOUTB. LD 

= LOAD 



YOUTC. LD 

= LOAD 



YOUTD. LD 

= LOAD 



YOUTE.LD 

= LOAD 



YOUTF. LD 

= LOAD 



YOUTG. LD 

= LOAD 



YOUTH. LD 

= LOAD 



YOUTI .LD 

= LOAD 



YOUTJ. LD 

= LOAD 







Figure 1. SNAP Files (3 of 3) 
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INTRODUCTION 

This application note describes two PLD 
designs made with the PLC42VA1 2. Both 
designs are controller functions for an 
l 2 C-bus n-bit I/O expander. The first design is 
a controller function for a n-bit l 2 C-bus Input 
Expansion (l 2 C-bus Slave Transmitter 
function) and the second one for a n-bit 
l 2 C-bus Output Expansion (l 2 C-bus Slave 
Receiver function). 

The l 2 C-bus is a 2-way, 2-line communication 
between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial 
clock line (SCL). The designs provide remote 
input or output expansion for our Philips 
micro controller families via the two-line serial 
bidirectional l 2 C-Bus. The l 2 C-Bus slave 
address of the designs is equal to the 
address of the PCF8574 (remote 8-bit I/O 
expander). The l 2 C-Bus has been specified 
for 100kHz, but the PLC42VA1 2 designs can 
go up to 1MHz. This makes the designs 
suitable as test vehicle for the new fast 
l 2 C-Bus standard of 400 kHz. 

The PLC42VA12 is the most powerfull PLD 
device in a DIL-package of Philips 
Semiconductors. The designs use almost all 
resources and most of the features of the 
PLC42VA1 2 e.g. combination of synchronous 
and asynchronous logic, 3-State outputs 
used as open collector outputs and a 
combination of output flip-flops and state 
flip-flops. 

The design has been verified on a 
bread-board. This board contains the two 
PLC42VA1 2 controller designs, four 
74HC165 devices, four 74HC595 devices and 
all the circuitry necessary to read 32 
DIP-switches and to control 32 LED's. 

This application note gives first a general 
description of the designs. Then it describes 
the characteristics of the l 2 C-Bus and some 
basic functions (tricks) used in both designs. 
You will find a detailed description of the 
designs and the l 2 C-Bus protocols of the 
controller functions in the sections entitled, 
l 2 C-Bus Slave Transmitter Function and 
l 2 C-Bus Slave Receiver Function. The 
appendix, gives all the used design files in 
the SNAP syntax. SNAP is the Philips 
Semiconductors PLD design software 
package. You will find the equation entry files 
EQN, the simulation control files SCL and the 
pinning files PIN. The last sheet gives the 
schematic diagram of the bread-board. 


GENERAL DESCRIPTION OF THE 
DESIGNS 

The two designs described in this report are 
both controller functions for an l 2 C-Bus n-bit 
l/O-expander. The designs were made on a 
customer request to have a solution for his 
problem to address via the l 2 C-Bus more 
than 200 bits of inputs and outputs. With the 
existing l 2 C-Bus devices the maximum 
number of input and/or output bits is 16 x 8 = 
128 (8 x PCF8574 + 8x PCF8574A). The 
designs work fully according to the l 2 C-Bus 
specification at 100kHz. 

When an l 2 C-Bus master device (e.g. a micro 
controller) has to read data from or write data 
to the remote l/O-expander devices PCF8574 
and PCF8574A, it first sends the l 2 C-Bus 
slave address of the device and then reads or 
writes only one byte. The two controller 
functions, the Slave-Receiver and the Slave 
Transmitter, don t have this problem. For 
these designs, the master sends the slave 
address only once, and then reads or writes 
one or multiple data-bytes. The master 
device, decides the number of bytes. The 
slave addresses used for the designs are 
identical to the slave addresses of the 
PCF8574 and PCF8574A devices. 

The l 2 C-bus has been specified for a 100 kHz 
clock (SCL). With the internal maximum 
system clock of 8 MHz, the two PLC42VA1 2 
designs can go upto an l 2 C-bus clock of 
1 MHz. This makes the design suitable as test 
vehicle for the new fast l 2 C-bus standard of 
400 kbits/s. The speed is the only additional 
specification point of this new l 2 C-bus 
specification that can be met. The other new 
specification points as Schmitt-trigger inputs 
and slope control of the falling edges of the 
SDA and SCL signals can not be met. 

The PLC42VA12 has been chosen, because 
of its special hardware features. These 
features are not available in other PLD 
devices available in a 24-pin D1L package 
e.g. the PL22V10. Some of the used features 
are: 

• Combination of synchronous and 
asynchronous logic. 

• Combination of D-type flip-flops with 
JK-type flip-flops. 

• Flip-flops used as state registers. The 
M-pins used as inputs and/or outputs. 


• 3-State buffers used as open collector 
outputs. The 3-State control-input of an I/O 
Output buffer is used as logic input. The 
input of that buffer is connected to the 
ground. 

The intention was, to put both the Slave 
Transmitter and the Slave Receiver controller 
in one device. Unfortunately, the resources of 
the PLC42VA12 are not sufficient to 
implement both designs in one device. As a 
combination of a Slave Transmitter and a 
Slave Receiver with a high number of inputs 
and outputs is seldom requested, this should 
not be a problem. 

The first PLC42VA12 design is an l 2 C-bus 
Slave Transmitter controller. With one or 
multiple 74HC165 devices, it forms an 
l 2 C-bus n-bit Input Expander. At one side the 
controller fully controls the l 2 C-Bus Slave 
Transmitter function, and at the other side it 
generates the control signals for the 
74HC165. The 74HC165 devices can be 
cascaded to increase the number of inputs. 
Chapter. l 2 C-Bus Slave Transmitter Function 
gives a detailed description of the design. 

The second design is an l 2 C-bus Slave 
Receiver controller. With one or multiple 
74HC595 devices it forms an l 2 C-bus n-bit 
Output Expander. At one side the controller 
fully controls the l 2 C-Bus Slave Receiver 
function, and at the other side it generates 
the control signals for the 74HC595. The 
74HC595 devices can be cascaded to 
increase the number of outputs. The section 
entitled l 2 C-Bus Slave Receiver Function 
describes in detail the design. 

For design verification purposes, a 
bread-board has been made. This board 
contains all the devices to build a Slave 
Transmitter with 32 inputs and a Slave 
Receiver with 32 outputs. The main devices 
of the board are: 

• A PLC42VA1 2 with the Slave Transmitter 
controller function, 

• 4 PC74HC 165 devices, 

• 4 octal DIP-switches, 

• A PLC42VA1 2 containing the Slave 
Receiver controller function, 

• 4 PC72HC595 devices, 

• 32 LED's. 
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CHARACTERISTICS OF THE 
l 2 C-BUS 

The l 2 C-bus is a 2-way, 2-line communication 
between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial 
clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit Transfer 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 


pulse as changes in the data line at this time 
will be interpreted as control signals 
(Figure 1, Bit Transfer). The maximum clock 
frequency is 1 00 kHz. 

Start and Stop Conditions 

Both data and dock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW 
transition of the data line, while the clock is 
HIGH is defined as the start condition (S). A 
LOW-to-HIGH transition of the data line while 
the clock is HIGH is defined as the stop 
condition (P). Figure 2, Definition of Start and 
Stop Conditions, gives the timing diagram. 


System Configuration 

A device generating a message is a 
transmitter, a device receiving a message is 
the receiver. The device that controls the 
message is the master and the devices which 
are controlled by the master are slaves. 
Figure 3, System Configuration, gives a block 
diagram of the system configuration. 


SDA 


SCL 


/ i 1 * 

I I 

l I 

_ V N_ 

1 Data Line • Change 

' Stable: ■ of Data 

> Data Valid • Allowed 


/ 


Figure 1. Bit Transfer 


\ 
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Acknowledge 

The number of data bytes transferred 
between the start and the stop conditions 
from transmitter to receiver is not limited. 
Each byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a 
HIGH level put on the bus by the transmitter 
whereas the master generates an extra 
acknowledge related clock pulse. A slave 
receiver which is addressed must generate 
an acknowledge after the reception of each 
byte. Also a master must generate an 
acknowledge after the reception of each byte 
that has been clocked out of the slave 
transmitter. The device that acknowledges 
has to pull down the SDA line during the 


acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of 
the acknowledge related clock pulse. Setup 
and hold times must be taken into account. A 
master receiver must signal an end of data to 
the transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event the 
transmitter must leave the data line HIGH to 
enable the master to generate a stop 
condition (see Figure 4, Acknowledgement on 
the l 2 C-bus). 

Formats 

Data transfers follow the format shown in 
Figure 5 Data formats of the l 2 C-bus. After 


the START condition, the master sends the 
slave address. This address is 7 bits long, the 
eighth bit is a data direction bit (R/WN). A 
zero indicates a transmission (WRITE) and a 
one indicates a request for data (READ). A 
master always terminates a data transfer by a 
STOP condition. However, if a master still 
wishes to communicate on the bus, it can 
generate an other START condition and 
address an other slave without first 
generating a STOP condition. Various 
combinations of read and write formats are 
then possible within such a transfer. 



start condition 

i 



dock pulse for 
acknowledgement 

* 

SCL FROM 
MASTER 

i \ 


A 


DATA OUTPUT 
BY TRANSMITTER 

\ / 

t x x:)cz 

/ 



s 



/ 

DATA OUTPUT 
BY RECEIVER 



V 



Figure 4. Acknowledgement on the l 2 C-Bus 
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Possible data transfer formats are: 

a. Master transmitter to slave receiver. Direction is not changed. 


• 

SLAVE ADDRESS 

R/WN 

A 

DATA 1 

A 

DATAn 

A 

P 


'O' (write) 


b. Master reads slave immediately after first byte. 


data transferred 
(n bytes + acknowledge) 


A s acknowledge 
S s start 
P = stop 


LjJ 

SLAVE ADDRESS 

R/WN 

1 A 1 

DATA 1 

i A | 

DATAn 

| A | 

P 


■1’ (read) 


data transferred 
(n bytes + acknowledge) 


At the moment of the first acknowledge, the master transmitter becomes a master receiver and the slave receiver 
becomes a slave transmitter. This acknowledge is still generated by the slave. 

The STOP condition is generated by the master. 


I] 

SLAVE ADDRESS 

| R/WN | 

A | DATA 

BE 



1 

1 (n bytes 

_l 


| R/WN | 

LZJ 

DATA 

B 

B 


+ ack.) 


I (n bytes I 

+ ack.) 


direction of transfer may 
change at this point 

During a change of direction within a transfer, the START condition and the slave address are both repeated, but the R/W 
bit reversed. Start, stop, slave addresses and R/W bits are generated by the master. 

Figure 5. Data formats of the l 2 C-Bus 


COMMON BASIC FUNCTIONS 

This section gives a number of common 
basic functions used in the designs. The 
report gives for each function the basic 
diagram, the SNAP description and the timing 
diagram if applicable. The following basic 
circuits are described: 

• Oscillator 

• SCL Edge detection 

• Start/Stop detection 

Oscillator 

The design has two clock options, the internal 
oscillator and an external clock. For both 
options, the clock input CLK is used. A HIGH 
CLKEN input selects the internal oscillator 


and a LOW input the external clock. Without 
capacitor, we get the maximum frequency of 
the internal clock of 8 MHz. This frequency 
can be lowered by using a small capacitor C. 
Figure 6 Oscillator shows the diagram and 
the EQN file description of the oscillator. 

SCL Edge Detection 

The frequency of the system clock is much 
higher than the l 2 C-bus clock (SCL). This 
means, that most of the time the state 
machine is waiting for the edges of the SCL 
clock. This section describes the circuit that 
detects the HIGH and the LOW going edge of 
the SCL clock. The state machines 
synchronizes on the output pulses SCLH and 
SCLL.The detection network uses only two 
flip flops and two AND gates. Figure 7 SCL 


Timing Diagram SCL Edge Detection, gives 
the timing diagram of the edge detector and 
Figure 8 SCL Edge Detection, the diagram 
and the description of the EQN file. 

Start/Stop Detection 

A HIGH-to-LOW transition of the data line, 
while the clock is HIGH has been defined as 
the start condition (S) of the l 2 C-bus. A 
LOW-to-HIGH transition of the data line while 
the clock is HIGH has been defined as the 
stop condition (P). The easiest way to detect 
this start and stop condition is using 
asynchronous logic. The PLC42VA12 is very 
suited for this kind of solutions. Figure 2, 
Definition of Start and Stop Conditions, gives 
the timing diagram of these conditions. 
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0P INLIST 


SCL 

I; 

SDA 

B; 

RESET 

I; 

@ LOGIC EQUATIONS 

STARTFF . CLK 

=/ SDA; 

STARTFF.D 

=SCL; 

STARTFF. RST 

=RESET 

STOPFF.CLK 

=SDA; 

STOPFF . D 

=SCL ; 

STOPFF .RES 

=RESET, 


Figure 9. Start/Stop Detection 


i 2 c-bus slave transmitter 

FUNCTION 

The Slave Transmitter design provides 
remote input expansion for our Philips 
microcontroller families via the two-line serial 
bidirectional l 2 C-Bus. The l 2 C-Bus slave 
address is equal to the address of the 
PCF8574 (remote 8-bit I/O expander). The 
design will only acknowledge the read-mode. 

The design handles the full slave read mode 
of the l 2 C-Bus and will generate the control 
signals for the 74HC165, an 8-bit parallel-in / 
serial-out shiftregister. This device is used to 
read the parallel input data and convert this 
into serial data. This data is written to the 
l 2 C-Bus. The total number of 74HC165 
devices is almost unlimited. 

With the three address selection inputs, the 
slave transmitter can be combined with 
multiple PCF8574 devices. 

The design has a build-in clock oscillator. The 
section entitled Oscillator describes this 
circuit. If an external clock is required, the 
internal oscillator can be inhibited with the 
CLKEN-input. 

Figure 17, Slave Transmitter EQN File, 

Figure 18, Slave Transmitter SCL File, and 
Figure 19, Slave Transmitter PIN File, give 
the design files. The sections SDA Control 
Slave Transmitter, l 2 C-Bus protocol Slave 
Transmitter and Interface with 74HC165 give 
a detailed description of parts of the design. 

SDA Control Slave Transmitter 

The SDA data line of the l 2 C-bus is a 
bidirectional line with a passive pull-up. This 
asks for a bidirectional open collector I/O line. 
As the PLC42VA1 2 has only 3-State I/Os, we 
need one of the advantages of the 
PLC42VA1 2 to get an open collector output. 


IN a PLC42VA12 each OE-input can be used 
as a logic input. With a LOW level (ground) at 
the input, the output has a LOW level when 
OE is true and is floating when OE is false. 
These are the characteristics of an open 
collector output. 

Only one AND-gate controls the OE input of a 
bidirectional I/O. The design asks for 
multi-level logic. Figure 10 SDA Control Slave 
Transmitter shows how this input can be 
controlled by multi-level logic. The inputs 
ACKNOW, DATIN and SDAIN are auxiliary 
outputs of the PLC42VA1 2, used as inputs of 
the SDA control. 

I 2 C-Bus protocol Slave 
Transmitter 

The section entitled Formats describes the 
general data formats of the l 2 C-Bus protocol. 
Figure 11 l 2 C-Bus Protocol Slave Transmitter 
gives the protocol for this design. After a start 
condition, the master sends the slave 
address of the device. This 7 bits address 
consists of a fixed part and a programmable 
part. The first four bits are fixed (0100) and 
the three least significant bits are 
programmable. Three hardware address pins 
determine the final slave address. Up to 8 
devices (or PCF8574) may be addressed by 
the master. After the slave address and a 
HIGH R/WN bit, the slave generates an 
acknowledge. At the next LOW SCL, the 
slave may start sending the first data byte. 
This byte will be acknowledged by the 
master. Also the next bytes will be 
acknowledged by the master. As after the 
acknowledge pulse the slave controls the 
SDA-line, the master can not generate a stop 
condition. The only way for a master to 
terminate a transmission, is not to 
acknowledge the last byte n. Then, the slave 


transmitter will release the SDA-line and the 
master can generate a stop condition. 

Interface with 74HC165 

The 74HC/HCT165 is an 8-bit parallel load or 
serial-in shift register with complementary 
serial outputs (Q7 and Q7N) available from 
the last stage. When the parallel load (PLN) 
input is LOW, parallel data from the DO to D7 
inputs are loaded into the register 
asynchronously. When PLN is HIGH, data 
enters the register serially at the DS input 
and shifts one place to the right with each 
positive-going clock transition. This feature 
allows parallel-to-serial converter expansion 
by tying the Q7 output to the DS input of the 
succeeding stage. 

The CLOUT output of the PLC42VA12 
controls the clock of the 74HC165 and the 
PLOADN output controls the PLN input. The 
Q7 output of the 74HC165 is the data input 
DATIN of thePLC42VA12. 

With this setup, the most significant bit of the 
data is the first bit that will be sent from the 
slave to the master. Figure 1 1 l 2 C-Bus 
Protocol Slave Transmitter gives the timing 
diagram of this interface. 

When the slave address and the read bit 
have been detected, the controller generates 
the parallel load pulse PLOADN. After 
sending the firs bit (most significant bit of the 
transmission) it generates the first shift pulse 
CLOCKOUT. At the end of the first byte, the 
master generates an acknowledge. The 
second byte starts with a shift pulse 
CLOCKOUT. At each next LOW SCL level, 
this pulse is repeated. If at the end of the byte 
the master sends an acknowledge, then the 
next byte will be sent. A not acknowledge 
stops the procedure. 
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ACKNOW 

8PINLIST 

SDA 

B; 


r*< C 

■ 

DATIN 

— 1 n ^1 

ACKNOW 

DATIN 

I; 

I; 



— 

T_/ °%J ■ 

SDAEN 

0; 

SDA 

J 

hi 

V 

SDAOE 

0; 

■ 

— < 

sH 

GND 

SDAEN 

■ 

8 LOGIC EQUATIONS 

SDA =GND; 





SDA.OE 

=SDAOE; 






</DATIN*SDAEN) 




Figure 10. SDA Control Slave Transmitter 





i L 

'1' Read l - 


Acknowledge from slave 


Acknowledge from master 


Not acknowledge from master 
end of transmission. 


Figure 11. l 2 C-bus Protocol Slave Transmitter 


SOI 0000 1 1A1 11 11 111 A11001100 NA 


PLOADN 

CLOCKOUT 


Figure 12. Interface with 74HC165 
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l 2 C-BUS SLAVE RECEIVER 
FUNCTION 

The slave receiver design provides remote 
output expansion for our Philips micro 
controller families via the two-line serial 
bidirectional l 2 C-bus. The l 2 C-bus slave 
address is equal to the address of the 
PCF8574 (remote 8-bit I/O expander). The 
design will only acknowledge the write-mode. 

The design handles the full slave write mode 
of the l 2 C-Bus and will generate the control 
signals for the 74HC595, an 8-bit serial-in / 
parallel-out shiftregister. This device is used 
to write the serial from the l 2 C-bus input to, 
and convert this into parallel data. The total 
number of 74HC595 devices is almost 
unlimited. 

With the three address selection inputs, the 
slave receiver can be combined with multiple 
PCF8574 devices. 

The design has a build-in clock oscillator. The 
section entitled Oscillator describes this 
circuit. If an external clock is required, the 
internal clock can be inhibited with the 


CLKEN-input. Figure 20, Slave Receiver 
EQN File, Figure 21 , Slave Receiver SCL 
File, and Figure 22, Slave Receiver PIN File 
give the design files. The sections SDA 
Control Slave Receiver, Set-Reset Flip-Flop, 
l 2 C-Bus protocol Slave Receiver and 
Interface with 74HC595 give a detailed 
description of parts of the design. 

SDA Control Slave Receiver 

In the Slave Receiver protocol of the l 2 C-Bus, 
mainly the master controls the SDA-line. The 
Slave Receiver uses the SDA-line only for 
generating an acknowledge pulse. This is 
done after receiving its slave address with a 
write condition and all the following data 
bytes. Figure 13, SDA Control Slave 
Receiver gives the diagram and the 
description of the EQN-file. 

Set-Reset Flip-Flop 

The PLC42VA12 has 10 internal flip-flops. As 
the design needs an additional D-latch, this 
one has to be built out of gates. Figure 14, 
Set-Reset Flip-Flop Slave Receiver, gives the 
diagram and the equation file description of 


this function. In this example the signal ST07 
is defined as an input, but in the final design 
this is a auxiliary output of the device. 

l 2 C-Bus protocol Slave Receiver 

The section entitled Formats describes the 
general format of the l 2 C-Bus protocol. 

Figure 14, Set-Reset Flip-Flop Slave 
Receiver, gives the protocol for this design. 
After a start condition, the master sends the 
slave address of the device. This 7 bits 
address consists of a fixed part and a 
programmable part. The first four bits are 
fixed (0100) and the three least significant 
bits are programmable. Three hardware 
address pins determine the final slave 
address. Up to 8 devices (or PCF8574) may 
be addressed by the master. After the slave 
address and a LOW R/WN bit, the slave 
generates an acknowledge. At the next LOW 
SCL, the master starts sending the first data 
byte. This byte will be acknowledged by the 
slave. Also the next bytes will be 
acknowledged by the slave. The master 
terminates a transmission, by sending a stop 
condition or a restart condition. 
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Interface with 74HC595 

The 74HC/HCT595 is an 8-stage serial shift 
register with a storage register and 3-State 
outputs. The shift register and storage 
register have separate clocks. 

Data is shifted on the positive-going 
transitions of the SHOP input. The data in 
each register transfers to the storage register 
on a positive going transition of the STCP 
input. The shift register has a serial input 
(DS) and a serial standard output (Q7 ) for 
cascading. All 8 shift registers have an 
asynchronous reset (active LOW). The 
storage register has 8 parallel 3-State bus 
driver outputs. Data in the storage registers 
at the output whenever the output enable 
input (OEN) is LOW. 

Four outputs of the PLC42VA12 control the 
inputs of the 74HC595. The RESOUT output 
the MRN input, CLKSTO the STCP input, 
CLKSHFT the SHOP and the DATOUT the 
DS input. 

The l 2 C-Bus sends first the most significant 
bit of the transmission. Figure 16 l 2 C-Bus 


Interface with 74HC595 gives the timing 
diagram of this interface. 

To set all outputs of the 74HC595 to a 
defined level, after power-on, the controller 
generates first a reset pulse at the RESOUT 
output and then a clock pulse CLKSTO for 
the storage register. 

After a the slave address and the write bit 
(LOW) have been detected, during the next 
HIGH period of the SCL line there are three 
options. At the SDA line there can be the 
most significant bit of new data, the master 
generates a restart condition or the master 
generates a stop condition. This is also the 
case after each acknowledge. 

This implies, that this first data bit must be 
stored. At the next LOW period of the SCL 
line we know whether we had data or 
restart/stop condition. If it was data, then we 
have to put this data at the DATOUT output 
and generate a clock pulse at the CLKSHFT 
output. At the next 7 HIGH periods of the 


SCL-line, data is valid and the controller 
generates a clock at the CLKSHFT output. At 
the end of the transmission, the master 
generates a stop condition or a restart. Then 
the stored data will be transferred to the 
storage register by a clock pulse at the 
CLKSTO output. 

BREAD-BOARD l 2 C-BUS I/O 
EXPANDER 

For design verification purposes, a 
bread-board has been designed. The board 
contains all the devices to build an l 2 C-Bus 
Slave Transmitter with 32 inputs and an 
l 2 C-Bus Slave Receiver with 32 outputs. The 
inputs can be set HIGH or LOW by 4 octal 
DIP-switches. The outputs are examined by 
32 LED's. Figure 23, Schematic Diagram 
Bread-Board, gives the complete diagram of 
the bread board. 

The board has been designed for design 
verification only. 


Address from master 


Data from master 


Data from master 



HI 

H 

H 


H 


H 


i 

B 


L 


Start condition 


Acknowledge from slave 


^ Acknowledge from alave 


Not acknowledge from slave — * 

Stop condition 

end of transmission 


Figure 15. l 2 C-bus Protocol Slave Receiver 
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****************** ********************************* 

* 



* 

* 



Equation Entry File * 

* 



* 

* Project 



: IIC * 

* Function 


: IlC-bus Slave Transmitter * 

* 



* 

* File Name 


: IICTRANS.EQN * 

* Design file 

: IICTRANS . SCL * 

* Pin File 


: IICTRANS. PIN * 

* 



* 

* Date 



: March 1993 * 

* Designer 


: Aloys Schatorj * 

* Company 



: Philips Semiconductors * 

* Department 


: PCALE * 

* Place 



: Eindhoven * 

* Country 



: The Netherlands * 

★ 



* 

*************************************************** 

0P INLIST 




CLK 

B 


"System clock" 

RC 

B 


"RC input internal clock" 

CLKEN 

I 


"Clock selection input" 

SCL 

I 


"IIC— BUS clock" 

SDA 

B 


"IIC— BUS data" 

RESET 

I 


"System reset" 

ADDO 

I 


"Address selection line" 

ADD1 

I 


"Address selection line" 

ADD2 

I 


"Address selection line" 

DATIN 

I 


"Data from input shift-register" 

CLOCKOUT 

0 


"Clock to input shift-register" 

PLOADN 

O 


"Parallel load to input shift-register" 

SDAOE 

o 


"Enable line SDA I/O" 

SDAEN 

o 


"Enable condition SDA caused by data" 

ACKNOW 

o 


"Acknowledge data" 

STATES! 

o 


"Reset start and stop FF" 

0 GROUPS 




0 TRUTHT ABLE 



0 LOGIC EQUATIONS 

CLK.OE 


= 

CLKEN 

RC.OE 


= 

CLK*CLKEN; 

RC 


= 

GND 

CLK 


= 

RC 

STARTFF .CLK 

= 

/SDA 

STARTFF. D 


= 

SCL 

STARTFF .RST 

= 

STATEST ; 

SCLFF1.D 


= 

SCL 

SCLFF1.RST 

= 

RESET 

SCLFF2.D 


= 

SCLFF1 ; 

SCLFF2.RST 

= 

RESET 

SCLH 


= 

SCLFF1*/SCLFF2 ; 

SCLL 


= 

/SCLFF1*SCLFF2 ; 

QO .RST 


= 

RESET 

Ql.RST 


= 

RESET 

Q2.RST 


= 

RESET 

Q3.RST 


= 

RESET 

Q4.RST 



RESET 

Q5.RST 


= 

RESET 

SDA 


= 

GND 

SDA.OE 


= 

SDAOE 

PLOADN 


= 

/PLOAD 

SDAOE 



ACKNOW + </DATIN*SDAEN) 


Figure 17. Equation Entry File Slave Transmitter (1 of 3) 
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0 INPUT VECTORS 





0OUTPUT 

VECTORS 






[ACKNOW, CLOCKOUT 

PLOAD 

, SDAEN] 



ACK 

= 

l 

- 

B; 



CLKOUT 

= 

1 

- 

1 B; 



SDAENA 

= 

- 


1 B; 



PLOUT 

= 

- 

1 

1 B; 



0STATE VECTORS 






[Q5, 

Q4, Q3, Q2, Ql, QO] 

JKFFR 



INITL 

= 

00 H; 





INIT 

= 

3F H; 





WAIT 

= 

3E H; 





WAIT1 

= 

3D H; 





ADDBIT 6 

= 

01 H; 





ADDBIT5 

= 

02 H; 





ADDBIT4 

= 

03 H; 





ADDBIT3 

= 

04 H; 





ADDBIT2 

- 

05 H; 





ADDBIT 1 

= 

06 H; 





ADDBIT 0 

= 

07 H; 





RWBIT 

= 

08 H; 





READMOD 

= 

09 H; 





ACKBITR 

= 

0A H; 





READ 7 L 

= 

0B H; 





READ7C 

= 

10 H; 





READ7 

= 

11 H; 





READ6C 

= 

12 H; 





READ 6 

= 

13 H; 





READ5C 

= 

14 H; 





READS 

= 

15 H; 





READ4C 

= 

16 H; 





READ 4 

= 

17 H; 





READ3C 

= 

18 H; 





READ3 

= 

19 H; 





READ2C 

= 

1A H; 





READ 2 

= 

IB H; 





READ 1C 

= 

1C H; 





READ1 

= 

ID H; 





READOC 

= 

IE H; 





READO 

= 

IF H; 





ACKPLS 

= 

20 H; 





ACKPLSW 

= 

21 H; 





0TRANSITIONS 






WHILE 

[INITL] 






IF 

[] 

THEN 

[INIT] 



WHILE 

[INIT] 






IF 

[] 

THEN 

[WAIT] 



WHILE 

[WAIT] 



WITH 

[STATES!] 


IF 

[STARTFF] 

THEN 

[WAIT1] 



WHILE 

[WAIT1] 



WITH 

[STATEST] 


IF 

[] 

THEN 

[ADDBIT6] 



WHILE 

[ADDBIT6] 






IF 

[SCLH*SDA] 

THEN 

[WAIT] 




IF 

[SCLH*/SDA] 

THEN 

[ADDBIT5] 



WHILE 

[ADDBIT5] 






IF 

[ SCLH*/ SDA] 

THEN 

[WAIT] 




IF 

[SCLH*SDA] 

THEN 

[ADDBIT4] 



WHILE 

[ADDBIT 4] 






IF 

[SCLH*SDA] 

THEN 

[WAIT] 




IF 

[SCLH*/ SDA] 

THEN 

[ADDBIT3] 



WHILE 

[ADDBIT3] 






IF 

[SCLH*SDA] 

THEN 

[WAIT] 




IF 

[SCLH*/ SDA] 

THEN 

[ADDBIT2] 



WHILE 

[ADDBIT2] 






IF 

[SCLH*/ ( (SDA*ADD2) + (/SDA*/ADD2) ) ] 

THEN 

[WAIT] 


IF 

[SCLH* ( (SDA* ADD 2) + (/SDA*/ADD2) ) ] 

THEN 

[ADDBIT1] 


Figure 17. Equation Entry File Slave Transmitter (2 of 3) 
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WHILE 

[ADDBIT1] 






IF [SCLH*/ ( (SDA*ADD1) + (/SDA*/ADD1) ) ] 

THEN 

[WAIT] 


IF [SCLH* ( (SDA*ADD1) + (/SDA*/ADD1) ) ] 

THEN 

[ADDBITO] 

WHILE 

[ADDBITO] 






IF [SCLH*/ ( (SDA*ADD0) + (/SDA*/ADD0) ) ] 

THEN 

[WAIT] 


IF [SCLH* ( (SDA*ADD0) + (/SDA*/ADDO) ) ] 

THEN 

[RWBIT] 

WHILE 

[RWBIT] 

IF [SCLH*SDA] 

THEN 

[READMOD] 




IF [SCLH*/SDA] 

THEN 

[WAIT] 



WHILE 

[READMOD] 

IF [SCLL] 

THEN 

[ACKBITR] 



WHILE 

[ACKBITR] 

IF [SCLL] 

THEN 

[READ7L] 

WITH 

[ACK] 

WHILE 

[READ7L] 

IF [] 

THEN 

[READ7] 

WITH 

[PLOUT] 

WHILE 

[READ7C] 

IF [] 

THEN 

[READ7] 

WITH 

[CLKOUT] 

WHILE 

[READ7] 

IF [SCLL] 

THEN 

[READ6C] 

WITH 

[SDAENA] 

WHILE 

[READ6C] 

IF [] 

THEN 

[READ6] 

WITH 

[CLKOUT] 

WHILE 

[READ 6] 

IF [SCLL] 

THEN 

[READ5C] 

WITH 

[SDAENA] 

WHILE 

[READ5C] 

IF [] 

THEN 

[READS] 

WITH 

[CLKOUT] 

WHILE 

[READ5] 

IF [SCLL] 

THEN 

[READ4C] 

WITH 

[SDAENA] 

WHILE 

[READ4C] 

IF [] 

THEN 

[READ4] 

WITH 

[CLKOUT] 

WHILE 

[READ4] 

IF [SCLL] 

THEN 

[READ3C] 

WITH 

[SDAENA] 

WHILE 

[READ3C] 

IF [] 

THEN 

[READ3] 

WITH 

[CLKOUT] 

WHILE 

[READ3] 

IF [SCLL] 

THEN 

[READ2C] 

WITH 

[SDAENA] 

WHILE 

[READ2C] 

IF [] 

THEN 

[READ2] 

WITH 

[CLKOUT] 

WHILE 

[READ2] 

IF [SCLL] 

THEN 

[READ1C] 

WITH 

[SDAENA] 

WHILE 

[READ1C] 

IF [] 

THEN 

[RE ADI] 

WITH 

[CLKOUT] 

WHILE 

[RE ADI] 

IF [SCLL] 

THEN 

[READOC] 

WITH 

[SDAENA] 

WHILE 

[READOC] 

IF [] 

THEN 

[READO] 

WITH 

[CLKOUT] 

WHILE 

[READO] 

IF [SCLL] 

THEN 

[ACKPLS] 

WITH 

[SDAENA] 

WHILE 

[ACKPLS] 

IF [SCLH*/SDA] 

THEN 

[ACKPLSW] 




IF [SCLH*SDA] 

THEN 

[WAIT] 



WHILE 

[ACKPLSW] 

IF [SCLL] 

THEN 

[READ7C] 




Figure 17. Equation entry file slave transmitter (3 of 3) 
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★★**★*★***■*****★*★★★•**'*★*★★*★***★★★*'***★★★*****★★*★ 


Simulation Control Language File 


* Project 

* Function 


IlC-bus Slave Transmitter 


* File Name 

* Design file 

* Pin File 


IXCTRANS . SCL 
IICTRANS .EQN 
IICTRANS. PIN 


* Date 

* Designer 

* Company 

* Department 

* Place 

* Country 


March 1993 

Aloys Schatorj 

Philips Semiconductors 

PC ALE 

Eindhoven 

The Netherlands 


★ 

P CUC, RESET, SCL, SDA, DATIN, SDAEN, CLOCKOUT, PLOADN, ACKNOW, 

# STARTFF, STATEST, QO, Ql, Q2, Q3, Q4, 

# RC, CLKEN, ADDO, ADD1, ADD2, VCC 

# SCLH, SCLL, 

PCO 

*** Initialisation *** 

BUSI SDA 
BUS I CUC 
BUSO RC 

S 0 (50, 100, ETCJCLK 
S 0 (75) RESET 
S 0 (500, 1000, ETC) SCL 
ST 1 (DATIN) 

ST 1 (VCC) 

ST 1 (SDA) 

ST 0 (CLKEN) 

ST 001 (ADD2, ADD1, ADDO) 

SU TIME = 1225 

*** Generate start condition *** 

ST 1 (SDA) 

SU TIME = *+500 
ST 0 (SDA) 

SU TIME = *+500 

*** receive device address with read (01000011) . *** 

ST 0 (SDA) 

SU TIME = *+1000 
ST 1 (SDA) 

SU TIME = *+1000 
ST 0 (SDA) 

SU TIME = *+4000 
ST 1 (SDA) 

SU TIME = *+2000 

*** Generate acknowledge from slave *** 

BUSO SDA 
SU TIME = *+1000 

*** Transmit 8 bits data word 11111111 *** 

ST 1 (DATIN) 

SU TIME = *+8000 

*** Generate acknowledge from master *** 

BUSI SDA 
ST 0 (SDA) 

SU TIME = *+1000 


Figure 18. .SCL File Slave Transmitter (1 of 2) 
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*** Transmit 8 bits data word 11001100 *** 

BOSO SDA 
ST 1 (DATIN) 

SO TIME = *+2000 
ST 0 (DATIN) 

SO TIME = *+2000 
ST 1 (DATIN) 

SO TIME = *+2000 
ST 0 (DATIN) 

SO TIME = *+2000 

*** Generate no acknowledge from master (end of transmition) *** 
BOSI SDA 
ST 1 (SDA) 

SO TIME = *+1000 

*** Wait for new start condition *** 

SO TIME = *+3000 

*** Generate new start condition *** 

ST 1 (SDA) 

SO TIME = *+500 
ST 0 (SDA) 

SO TIME = *+500 

*** receive device address with write (01000010) . *** 

ST 0 (SDA) 

SO TIME = *+1000 
ST 1 (SDA) 

SO TIME = *+1000 
ST 0 (SDA) 

SO TIME = *+4000 
ST 1 (SDA) 

SO TIME = *+1000 
ST 0 (SDA) 

SO TIME = *+1000 

*** Wait for new start condition *** 

SO TIME = *+3000 

*** Generate new start condition *** 

ST 1 (SDA) 

SO TIME = *+500 
ST 0 (SDA) 

SO TIME = *+500 

*** Receive wrong device address (0110000) . *** 

ST 0 (SDA) 

SO TIME = *+1000 
ST 1 (SDA) 

SO TIME = *+2000 
ST 0 (SDA) 

SO TIME = *+6000 

*** Test internal clock *** 

BOSO CLK, RC 
ST 1 (CLK) 

ST 1 (CLKEN) 

SO TIME = *+ 1000 
F 


Figure 18. .SCL File Slave Transmitter (2 of 2) 
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*************************************************** 


* 


* 

* Pinning File 

* 

* 


* 

* Project 

: IIC 

* 

* Function 

: IlC-bus Slave Transmitter 

* 

* 


* 

* File Name 

: IICTRANS. EQN 

* 

* Design file : IICTRANS. SCL 

* 

* Pin File 

: IICTRANS. PIN 

* 

* 


* 

* Date 

: March 1993 

* 

* Designer 

: Aloys Schatorje 

* 

* Company 

: Philips Semiconductors 

* 

* Department : PCALE 

* 

* Place 

: Eindhoven 

* 

* Country 

: The Netherlands 

* 

* 


* 

*************************************************** 

Device 

=C42VA12 


Pin2 

=RESET 


Pin3 

=ADD0 


Pin4 

=ADD1 


Pin5 

=ADD2 


Pin8 

=CLKEN 


Pin9 

=SCL 


PinlO 

=SDA 


Pinll 

=CLOCKOUT 


Pinl4 

=CLK 


Pinl5 

=RC 


Pinl8 

=DATIN 


Pinl9 

=ACKNOW 


Pin20 

=SDAOE 


Pin21 

=SDAEN 


Pin22 

=STATEST 


Pin23 

=PLOADN 



Figure 19. .PIN File Slave Transmitter 
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A************************************************** 

* 


* 

* 


Equation Entry File * 

* 


★ 

* Project 


: IIC * 

* Function 

: IlC-bus Slave Receiver * 

* 


★ 

* File Name 

: IXCRECEI . EQN * 

* Design file 

: IICRECEI . SCL * 

* Pin File 

: IICRECEI. PIN * 

* 


* 

* Date 


: March 1993 * 

* Designer 

: Aloys Schatorj * 

* Company 


: Philips Semiconductors * 

* Department 

: PC ALE * 

* Place 


: Eindhoven * 

* Country 


: The Netherlands * 

* 


* 

*************************************************** 

0P INLIST 



CLK 

B; 

"System clock" 

RC 

B; 

"RC input internal clock" 

CLKEN 

I; 

"Clock selection input" 

SCL 

I; 

"IIC-BUS clock" 

SDA 

B; 

"IIC— BUS data" 

RESET 

I; 

"System reset" 

ADDO 

I; 

"Address selection line" 

ADD1 

I; 

"Address selection line" 

ADD2 

I; 

"Address selection line" 

CLKSHFT 

0; 

"Clock to output shift-register" 

CLKSTO 

o; 

"Parallel load into output register" 

DATOUT 

o; 

"Data to output shift register" 

DATA7 

0; 

"Output data RSFF bit7" 

ST07 

O; 

"Store pulse DATA7 FF" 

OUT7 

O; 

"Enable DATA7 FF data" 

RESOOT 

O; 

"Reset output shift register" 

ACKNOW 

o; 

"Acknowledge data" 

STATEST 

o; 

"Reset start and stop FF" 

@ GROUPS 



0 TROTHTABLE 


0 LOGIC EQUATIONS 

CLK.OE 

= 

CLKEN 

RC.OE 


CLK*CLKEN; 

RC 

= 

GND 

CLK 

= 

RC 

STARTFF.CLK = 

/SDA 

S TARIFF . D 

= 

SCL 

STARTFF.RST = 

STATEST ; 

STOPFF.CLK 

= 

SDA 

STOPFF . D 

= 

SCL 

STOPFF.RST 

= 

STATEST ; 

SCLFF1.D 

= 

SCL 

SCLFF1.RST 

= 

RESET 

SCLFF2.D 

= 

SCLFF1 ; 

SCLFF2.RST 

= 

RESET 

SCLH 

= 

SCLFF1*/ SCLFF2 ; 

SCLL 

= 

/SCLFF1*SCLFF2 ; 

DATA7 

= 

( (ST07*SDA) +DATA7*/ST07) ; 

QO.RST 

= 

RESET ; 

Ql.RST 

= 

RESET 

Q2.RST 

= 

RESET 

Q3.RST 

= 

RESET 

Q4 .RST 

= 

RESET 

Q5 .RST 

= 

RESET 

SDA 

= 

GND 

SDA.OE 

= 

ACKNOW ; 

DATOOT 

= 

(SDA*/OUT7) + (DATA7*OUT7) ; 

RESOUT 

= 

/RESOOTN ; 


Figure 20. Equation Entry File Slave Receiver (1 of 3) 
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§ INPOT VECTORS 





0OUTPCT VECTORS 






[CLKSHFT, CLKSTO, RESOUTN, STATEST, 

ST07, 

OUT7] 


CLKSHIFT 

= 

1 

- - 

- 

- 

B 

CLKSTOR 

= 

- 

1-1 

- 

- 

B 

RESO 

SS 

- 

- 1 - 

1 

- 

B 

STATST 

= 

- 

- - 1 

- 

- 

B 

STAST07 

= 

- 

1 

1 

- 

B 

OOTBIT7 

= 

- 

- - 

- 

1 

B 

OOTCLK7 

= 

1 


- 

1 

B 

0 STATE VECTORS 






[Q5 

Q4 

Q3, Q2, Ql, QO] JKFFR 




INITL 

= 

00 

H; 




INIT 

= 

3F 

H; 




INIT1 

= 

3E 

H; 




INIT2 

= 

3D 

H; 




WAIT 

= 

3C 

H; 




HAITI 

as 

3B 

H; 




ADDBIT6 

= 

01 

H; 




ADDBIT5 

= 

02 

H; 




ADDBIT4 

= 

03 

H; 




ADDBIT3 

= 

04 

H; 




ADDBIT2 

= 

05 

H; 




ADDBIT1 

= 

06 

H; 




ADDBITO 

= 

07 

H; 




RWBIT 

= 

08 

H; 




WRIDMOD 

= 

09 

H; 




ACKBITTR 

= 

OA 

H; 




TESTSTA 

= 

OB 

H; 




TESTSTA1 

= 

OC 

H; 




TESTSTA2 

= 

OD 

H; 




OOTB7 

= 

OE 

H; 




CLKB7 

= 

OF 

H; 




WRID6 

= 

10 

H; 




WRID6C 

= 

11 

H; 




WRID5 

= 

12 

H; 




WRID5C 

= 

13 

H; 




WRID4 

= 

14 

H; 




HRID4C 

= 

15 

H; 




WRID3 

= 

16 

H; 




WRID3C 

as 

17 

H; 




WRID2 

= 

18 

H; 




WRID2C 

= 

19 

H; 




HRID1 

= 

1A 

H; 




WRID1C 

= 

IB 

H; 




HRIDO 


1C 

H; 




WRIDOC 

= 

ID 

H; 





@ TRANSITIONS 


WHILE 

[INITL] 

IF [] 

THEN 

[INIT] 



WHILE 

[INIT] 

IF [] 

THEN 

[INIT1] 



WHILE 

[INIT1] 

IF [] 

THEN 

[INIT2] 

WITH 

[RESO] 

WHILE 

[INIT2] 

IF [] 

THEN 

[WAIT] 

WITH 

[CLKSTOR] 

WHILE 

[WAIT] 

IF [STARTFF] 

THEN 

[HAITI] 

WITH 

[STATST] 

WHILE 

[HAITI] 

IF [] 

THEN 

[ADDBIT6] 

WITH 

[STATST] 

WHILE 

[ADDBIT6] 

IF [SCLH*SDA] 

THEN 

[WAIT] 




IF [SCLH*/SDA] 

THEN 

[ADDBIT5] 



WHILE 

[ADDBIT5] 

IF [SCLH*/SDA] 

THEN 

[WAIT] 




IF [SCLH*SDA] 

THEN 

[ADDBIT4] 




Figure 20. Equation Entry File Slave Receiver (2 of 3) 
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WHILE 

[ADDBIT4] 






IF [SCLH*SDA] 

THEN 

[WAIT] 




IF [SCLH*/SDA] 

THEN 

[ADDBIT3] 



WHILE 

[ADDBIT3] 






IF [SCLH*SDA] 

THEN 

[WAIT] 




IF [SCLH*/SDA] 

THEN 

[ADDBIT2] 



WHILE 

[ADDBIT2] 






IF [SCLH*/ ( (SDA*ADD2) + (/SDA*/ADD2) ) ] 

THEN 

[WAIT] 


IF [SCLH* ( (SDA*ADD2) + (/SDA*/ADD2) ) ] 

THEN 

[ADDBIT1] 

WHILE 

[ADDBIT1] 






IF [SCLH*/ ( (SDA*ADD1) + (/SDA*/ADD1) ) ] 

THEN 

[WAIT] 


IF [SCLH* ( <SDA*ADD1) + (/SDA*/ADD1) ) ] 

THEN 

[ADDBITO] 

WHILE 

[ADDBITO] 






IF [SCLH*/ ( (SDA*ADD0) + (/SDA*/ADD0) ) ] 

THEN 

[WAIT] 


IF [SCLH* ( (SDA*ADD0) + (/SDA*/ADD0) ) ] 

THEN 

[RWBIT] 

WHILE 

[RWBIT] 






IF [SCLH*/SDA] 

THEN 

[WRIDMOD] 




IF [SCLH*SDA] 

THEN 

[WAIT] 



WHILE 

[WRIDMOD] 






IF [SCLL] 

THEN 

[ACKBITTR] 



WHILE 

[ACKBITTR] 



WITH 

[ACKNOW] 


IF [SCLL] 

THEN 

[TESTSTA] 



WHILE 

[TESTSTA] 



WITH 

[STATST] 


IF [SCLH] 

THEN 

[TESTSTA1] 



WHILE 

[TESTSTA1] 



WITH 

[STAST07] 


IF [] 

THEN 

[TESTSTA2] 



WHILE 

[TESTSTA2] 



WITH 

[STATST] 


IF [STARTFF] 

THEN 

[INIT2] 




IF [STOPFF] 

THEN 

[INIT2] 




IF [SCLL] 

THEN 

[OUTB7] 



WHILE 

[OUTB7] 



WITH 

[OUTBIT7] 


IF [] 

THEN 

[CLKB7] 



WHILE 

[CLKB7 ] 



WITH 

[OUTCLK7] 


IF [] 

THEN 

[WRID6] 



WHILE 

[WRID6] 






IF [SCLH] 

THEN 

[WRID6C] 



WHILE 

[WRID6C] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRID5] 



WHILE 

[WRID5] 






IF [SCLH] 

THEN 

[WRID5C] 



WHILE 

[WRID5C] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRID4] 



WHILE 

[WRID4] 






IF [SCLH] 

THEN 

[WRID4C] 



WHILE 

[WRID4C] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRID3 ] 



WHILE 

[WRID3] 






IF [SCLH] 

THEN 

[WRID3C] 



WHILE 

[WRID3C] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRID2 ] 



WHILE 

[WRID2] 






IF [SCLH] 

THEN 

[WRID2C] 



WHILE 

[WRID2C] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRID1] 



WHILE 

[WRID1] 






IF [SCLH] 

THEN 

[WRID1C] 



WHILE 

[WRID1C] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRIDO] 



WHILE 

[WRIDO] 






IF [SCLH] 

THEN 

[WRIDOC] 



WHILE 

[WRIDOC] 



WITH 

[CLKSHIFT] 


IF [] 

THEN 

[WRIDMOD] 




Figure 20. Equation Entry File Slave Receiver (3 of 3) 
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*************************************************** 


Simulation Control Language File 


* Project 

* Function 


IIC 

IlC-bus Slave Receiver 


* File Name : IICRECEI.SCL 

* Design file : IICRECEI.EQN 

* Pin File : IICRECEI.PIN 


* Date 

* Designer 

* Company 

* Department 

* Place 

* Country 


March 1993 

Aloys Schatorj 

Philips Semiconductors 

PCALE 

Eindhoven 

The Netherlands 


*************************************************** 

P CLK, RESET, SCL, SDA, DATOUT, CLKSHFT, CLKSTO, RESODT, ACKNOW, 

# STATEST, DATA7, OOT7, ST07, STARTFF, STOPFF, QO, Ql, Q2, Q3, Q4, Q5, 

# RC, CLKEN, ADDO, ADD1, ADD2, VCC 

# SCLH, SCLL, 

PCO 

*** Initialisation *** 

BUS I SDA 
BUS I CLK 
BDSO RC 

S 0 (50, 100, ETC) CLK 
S 0 (75)RESET 
S 0 (500, 1000, ETC) SCL 
ST 1 (VCC) 

ST 1 (SDA) 

ST 0 (CLKEN) 

ST 001 (ADD2, ADD1, ADDO) 

SO TIME = 1225 

*** Generate start condition *** 

ST 1 (SDA) 

SO TIME = *+500 
ST 0 (SDA) 

SO TIME = *+500 

*** receive device address with write (01000010) *** 

ST 0 (SDA) 

SO TIME = *+1000 
ST 1 (SDA) 

SO TIME = *+1000 
ST 0 (SDA) 

SO TIME = *+4000 
ST 1 (SDA) 

SO TIME = *+1000 
ST 0 (SDA) 

SO TIME = *+1000 

*** Generate acknowledge from slave *** 

BOSO SDA 
SO TIME = *+1000 

*** Receive 8 bits data word 11111111 *** 

BOSI SDA 
ST 1 (SDA) 

SO TIME = *+8000 

*** Generate acknowledge from slave *** 

BOSO SDA 
SO TIME = *+1000 


Figure 21 . .SCL file slave receiver (1 of 3) 
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*** Receive 8 bits data word 11001100 *** 

BUS I SDA 
ST 1 (SDA) 

SU TIME = *+2000 
ST 0 (SDA) 

SU TIME = *+2000 
ST 1 (SDA) 

SU TIME = *+2000 
ST 0 (SDA) 

SU TIME = *+2000 

*** Generate acknowledge from slave *** 

BUSO SDA 
SU TIME = *+1000 

*** Receive 8 bits data word 01110001 *** 

BUS I SDA 
ST 0 (SDA) 

SU TIME = *+1000 
ST 1 (SDA) 

SU TIME = *+3000 
ST 0 (SDA) 

SU TIME = *+3000 
ST 1 (SDA) 

SU TIME = *+1000 

*** Generate acknowledge from slave *** 

BUSO SDA 
SU TIME = *+1000 

*** Generate new start condition *** 

BUSI SDA 
ST 1 (SDA) 

SU TIME = *+500 
ST 0 (SDA) 

SU TIME = *+500 

*** receive device address with read (01000011) *** 
ST 0 (SDA) 

SU TIME = *+1000 
ST 1 (SDA) 

SU TIME = *+1000 
ST 0 (SDA) 

SU TIME = *+4000 
ST 1 (SDA) 

SU TIME = *+2000 

*** Wait for new start condition *** 

SU TIME = *+3000 

*** Generate new start condition *** 

ST 1 (SDA) 

SU TIME = *+500 
ST 0 (SDA) 

SU TIME = *+500 

*** receive device address with write (01000010) *** 
ST 0 (SDA) 

SU TIME = *+1000 
ST 1 (SDA) 

SU TIME = *+1000 
ST 0 (SDA) 

SU TIME = *+4000 
ST 1 (SDA) 

SU TIME = *+1000 
ST 0 (SDA) 

SU TIME = *+1000 

*** Generate acknowledge from slave *** 

BUSO SDA 
SU TIME = *+1000 


Figure 21. .SCL File Slave Receiver (2 of 3) 
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*** Generate stop condition *** 

ST 0 (SDA) 

SU TIME = *+500 
ST 1 (SDA) 

SO TIME = *+500 

*** Halt for new start condition *** 

SO TIME = *+3000 

*** Generate new start condition *** 

ST 1 (SDA) 

SO TIME = *+500 
ST 0 (SDA) 

SO TIME = *+500 

*** receive wrong device address (0110000) . *** 
ST 0 (SDA) 

SO TIME = *+1000 
ST 1 (SDA) 

SO TIME = *+2000 
ST 0 (SDA) 

SO TIME = *+6000 

*** Test internal clock *** 

BOSO CLK, RC 
ST 1 (CLK) 

ST 1 (CLKEN) 

SO TIME = *+ 1000 
F 


Figure 21. .SCL File Slave Receiver (3 of 3) 


*************************************************** 

* 

* 

* Pinning File * j 

* 

* 

* Project 

: IIC * 

* Function 

: IlC-bus Slave Receiver * 

* 

* 

* File Name 

: IICRECEI . SCL * 

* Design file : IICRECEI.EQN * 

* Pin File 

: IICRECEI. PIN * 

* 

* 

* Date 

: March 1993 * 

* Designer 

: Aloys Schatorje * 

* Company 

: Philips Semiconductors * 

* Department : PC ALE * 

* Place 

: Eindhoven * 

* Country 

: The Netherlands * 

* 

* 

*************************************************** 

Device 

=C42VA12 

Pin2 

=RESET 

Pin3 

=ADD0 

Pin4 

=ADD1 

Pin5 

=ADD2 

Pin8 

=CLKEN 

Pin9 

=SCL 

PinlO 

=SDA 

Pinll 

=CLKSHFT 

Pinl4 

=CLK 

Pinl5 

=RC 

Pinl6 

=DATOOT 

Pinl7 

=CLKSTO 

Pinl8 

=RESOOT 

Pinl9 

=ACKNOW 

Pin20 

=OOT7 

Pin21 

=DATA7 

Pin22 

=STATEST 

Pin23 

=ST07 


Figure 22. .PIN File Slave Receiver 
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Figure 23. Schematic Bread-Board 
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INTRODUCTION 

There are currently numerous integrated 
circuits available for data communication. 
They are mostly of a high complexity and 
their functionality covers nearly all 
requirements for the development of new 
telecommunication equipment. However, in 
many cases, the highly specialized 
communication ICs do not cover the intended 
product function exactly, and a few, 
sometimes simple functions remain to be 
realized seperately. Those extra parts of the 
electronics design can often be satisfied by 
the use of programmable logic circuits, a fact, 
that shall be demonstrated by this application 
note. 

In order to complete the prototype of a new 
system board for data transmission, a small 
controller unit needed to be designed. The 
functions of this controller is to monitor an 
incoming serial stream of data bits, indicating 
certain commands at fixed positions within 
this bitstream, and to control an output data 
line in response to these commands. 


SPECIFICATION OF THE 
CONTROLLER FUNCTION 

The first function in this controller is that of 
monitoring an incoming stream of data bits. A 
general overview of the construction and 
timing relations of the serial bitstream and 
associated input control signals is shown in 


Figure 1 . The understanding of this structure 
is most important for the specification of the 
controller design. The serial stream of data 
bits {via SDI - Serial Data In) is synchronous 
to the clock signal DCL and one data bit has 
the length of two clock cycles. The bit stream 
itself is subdivided into single data words of 
32 Bits, whereas the beginning and the length 
of each data word is indicated by the frame 
signal FSC. 

Given this structure, the first task of the 
controller is to synchronize itself on the data 
frame and to isolate the data bits number 
27.. .30. These are the so called command 
indication bits (C/I - Command Indication in 
Figure 1 ) serving for the link and network 
control between the communicating stations. 

The internal function of the desired controller 
is to evaluate the C/I-Bits and to send the 
appropriate response on the output data 
stream. The complete sequence of 
commands during a transmission session is 
shown in Figure 2, illustrating the order of 
incoming commands and corresponding 
output bit pattern. Accordingly to this 
graphical specification the controller has to 
detect the two commands PU (Power Up) 
and DR (Deactivate Request), and on the 
output side, it has to drive the line SDO 
(Serial Data Out) in dependence on these 
commands. 

Basically SDO has a constant level ‘Low’ 
after the activation of a communication 


session. But if the input command PU is 
recognized, the controller shall send a 
respond command ARN (Active Request 
None Loop) within the following data frames 
and at the same bit position as the incoming 
C/I-Bits. The command ARN on the line SDO 
is to send till the command DR is detected at 
the input side. The command DR marks the 
end of a communication session and one 
Frame after its detection the line SDO is to 
switch to the deactive signal level ('High') as 
it is shown in Figure 2. 

Beside the elementary fuctionality, some 
additional constraints need to be observed. 
First, it should be considered, that the 
complete design needs to have an 
asynchronous part. During the period of no 
communication, no frame and no clock signal 
is attached at the inputs and the initial 
change of the line Start demands an 
immediate acknowledgment before the clock 
becomes externally activated. So, the 
synchronous mode of operation is to extend 
with an asynchronous design part. The 
second constraint was the demand that the 
incoming data are to read with the HL-edge of 
the second clock cycle (see Figure 1), while a 
signal change of the output line is to initiate 
synchronous with the LH-edge of the system 
clock. This requirement assures the correct 
recognition of the incoming data also for long 
distance transmissions with slow rising signal 
edges, but therefore the design needs to 
work with two active clock edges. 


EXTERNAL ACTIVATION OF A TRANSMISSION SESSION 


/ 



Figure 1 . General Structure of the Data Frame and Basic Timing Relations 
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FUNCTIONAL DESIGN 
DESCRIPTION 

Figure 3 shows a possible approach for the 
realization of the specified controller function. 
This block structure contains a cyclic 
6-Bit-Counter clocked with DCL and 
synchronized on the frame signal FSC. 
Refering to the counter value it is possible to 
determine the position of Command-Bits 
within input bitstream and so the decoder 
block ‘CI_Decod’ can derive the appropriate 
control signals for Read- and Write-Cycles of 
Data. The signal Cl controls the second 
essential module, the shift register, via its 
Enable-Input. The 4-Bit Shift-Register has to 
read the four Command Bits from the serial 
bitstream and the following Decoder 
‘Com_Decod’ has just to indicate the two 
relevant commands, 'PU' and 'DR'. Finally, 
the real controller is contained within the 
block ‘Control’. There a finite state machine 
evaluates the 'PU' and 'DR' signals after a 
new command was read and in 
correspondence to the actual section of a 
transmission session the appropriate bit 
pattern for the output will be generated. 

Using this global design description, all 
constraints can be satisfied easily while 
realizing the complete controller function. 
First, the shift-register and the 
Controller-module can be clocked with the 
inverted and noninverted DCL-pulse and so 
different clock edges are taken for the Read- 
and Write- Cycle of Data Bits. Furthermore, 
the asynchronous initialization of the 
controller is accomplished by the 
Reset-Inputs of the internal Flip-Flop’s and 
the combinatorial output decoder. Finally the 
clear structure of the design guarantees the 


complete testability of its circuit 
implementation. 

While a functional specification of each block 
in this initial design description can easily be 
created, the final design implementation 
leads to serious problems. Due to its 
structure the design requires a sequencer 
component with one or more combinatorial 
outputs, and the presence of sequential 
blocks with two different clocks needs a 
circuit that fit this condition too. Additionally, 
the complete design requires a minimum of 
thirteen internal Flip-Flop’s. If these three 
constraints are taken together an appropriate 
component can hardly be found. Simple 
PLDs cannot contain so much multilevel 
logic. Complex PLDs turned out to be too 
expensive for this application. So, a different 
design approach was indicated for this 
design. The schematic-like block structure 
was given up for a more abstract, but also 
compact design description. 


DESIGN IMPLEMENTATION 

Since the original design couldn’t be directly 
implemented in a simple PLD, a complete 
revision of its structure had to be carried out. 
The resulting description file is to see in 
Figure 4, now given as an abstract HDL-file. 
The essential advantage of this design 
description consists of the facts that abstract 
descriptions are favorable for all kinds of 
automatic optimization, and that they can 
easily be adapted to several hardware 
architectures. 

Several changes were made within the 
design description. First, the counter and the 
control unit are now merged into one state 


machine. In doing so, an initial concept was 
given up. Instead of counting through the 
whole data frame, the sequencer waits just 
for the rising and the falling clock edges of 
the frame signal. So only the second part of a 
data frame needs to be evaluated and the 
state machine counts only the steps up to the 
beginning of the C/I-Bits. Furthermore, some 
FF's of the shift register are now used twice. 
While reading the C/I-Bits from the incoming 
bitstream they have their original function, but 
during the rest of time they serve as flags. So 
one FF stores the information about a 
detected DR-command, while another FF 
helps to evaluate a frame signal edge timing. 
Here the feature of two different clock pulses 
is taken in order to achieve a save mode of 
operation. All in all the design function is now 
given in a much more compact description 
and the abstract description style allows its 
easy mapping onto different device 
architectures. So finally a PLC42VA12 was 
found to be a suitable circuit for the design's 
realization. 

In spite of its general fitting, a successful 
implementation of the design requires design 
optimization. An optimal state assignment for 
the included state machine description as 
well as a final boolean minimization are 
absolutely necessary for the design 
compilation and Figure 5 shows the optimized 
version, which can now be compiled directly. 
Figure 7 gives a corresponding Pinning for 
the PLC42VA12 and Figure 6 shows a 
simulation output resulted from the 
implemented circuit model. This part of the 
simulation represents the beginning of a 
communication session from the initialisation 
via the Start-signal up to the first 
acknowledgement (ARN) on output SDO. 


fsc ►- 


SOI ►- 
dcl ►- 


START ►" 


COUNT6BIT 


Cl DECOD 


^ FSC BIT5 I ► 

BIT4 ! ► 

^ CLK(C) BIT3 I ► 

BIT2 . ► 
BIT1 !► 
RST(R) BITO I ► 


S HIFTREG 

SHENABLE DAT3(Q) 
IF DATAIN DAT2(Q) 

*• CLK(C) DAT 1 (Q) 

*• RST(R) DATO(Q) 



Figure 3. Block Structure of the Controller Design 
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SP INLIST 


Start I ; 

FSC I ; 

DCL I ; 

SDI I ; 

SDO O ; 

6 LOGIC EQUATIONS 

" Shift-Enable Signal defines the Time Slots to read the Command Bits " 

ShEnable = Q4 * Q3 * Q2 * /Q1 * /QO 
+ Q4 * /Q3 * Q2 * /Q1 * QO 
+ Q4 * /Q3 * Q2 * Q1 * /QO 
+ Q4 * /Q3 * /Q2 * Q1 * QO ; 

" DR and PU mark the corresponding Commands decoded from the Shift Register " 
DR = /DataBit3 * /DataBit2 * /DataBitl * /DataBitO ; 

PU = /DataBit3 * DataBit2 * DataBitl * DataBitO ; 

" Shift Register - SHIFT operation only when Enable, else HOLD " 

DataBitO. CLK = / DCL ; 

DataBitO. RST = / Start ; 

DataBitO. J = ShEnable * SDI ; 

DataBitO. K = ShEnable * / SDI 

+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 

DataBitl. CLK = / DCL ; 

DataBitl. RST = / Start ; 

DataBitl. J = ShEnable * DataBitO ; 

DataBitl. K = ShEnable * / DataBitO 

+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 

" DataBit2 serves also for the Detection of a new Frame Phase " 

Dat aBit 2 . CLK = / DCL ; 

DataBit2.RST = / Start ; 

DataBit2 . J = ShEnable * DataBitl 

+ /Q4 * /Q3 * /Q2 * /Q1 * /QO * FSC ; 

DataBit2.K = ShEnable * / DataBitl 

+ /Q4 * /Q3 * /Q2 * /Ql * QO * /FSC 
+ Q4 * /Q3 * /Q2 * /Ql * QO ; 

" DataBit3 serves also as Flag for a detected DR-Command " 

DataBit3 .CLK = / DCL ; 

DataBit3 .RST = / Start ; 

DataBit3.J = ShEnable * DataBit2 

+ Q4 * /Q3 * /Q 2 * /Ql * QO * DR ; 

DataBit3.K = ShEnable * / DataBit2 

+ Q4 * /Q3 * /Q2 * /Ql * QO * /DR ; 

" The Flag PU stores the switches at the first occurence of the Command PU " 

PU_Flag.CLK = DCL ; 

PU_Flag.RST = / Start ; 

PU__Flag. J = Q4 * /Q3 * /Q2 * Ql * QO * PU ; 

PU_Flag.K = 0 ; 

Q4.CLK = DCL ; 

Q4.RST = / Start ; 

Q3.CLK = DCL ; 

Q3.RST = / Start ; 

Q2.CLK = DCL ; 

Q2.RST = / Start ; 

Ql .CLK = DCL ; 

Ql .RST = / Start ; 

QO .CLK = DCL ; 

QO .RST = / Start ; 


Figure 4. Complete HDL-Description for the Controller (1 of 3) 
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" Finally the Output Signal " 

SDO = Start 



+ Q4 * Q3 

* Q2 * /Ql * PU Flag 

+ Q4 * /Q3 

* /Q2 * 

/Ql * /QO ; 

6 INPUT VECTORS 



[ DataBit3, DataBit2 ] 


FSC Flag 

= -1 B; 


NFSC Flag 

= -0 B; 


DR Flag 

= 1- B; 


NDR_Flag 

= 0- B; 


eOUTPUT VECTORS 



@ STATE VECTORS 



[ Q4, Q3, Q2, Ql, Q0 ] JKFFR 

" state assignment with 

One Bit Changes for a Minimum of Logic " 

Wait on FSC 

= 00000 

B; 

Wait on NFSC 

= 00001 

B; 

" Stepl 

= 00011 B; to much " 

Step2 

= 00010 

B; 

Step3 

= 00110 

B; 

Step4 

= 00111 

B; 

Step5 

= 00101 

B; 

Step 6 

= 00100 

B; 

Step7 

= 01100 

B; 

Step8 

= 01101 

B; 

Step 9 

= 01111 

B; 

SteplO 

= OHIO 

B; 

Stepll 

= 01010 

B; 

Stepl2 

= 01011 

B; 

Stepl3 

= 01001 

B; 

Stepl4 

= 01000 

B; 

SteplS 

= 11000 

B; 

Stepl 6 

= 11001 

B; 

Stepl7 

= 11011 

B; 

Stepl8 

= 11010 

B; 

Stepl 9 

= 11110 

B; 

Step20 

= 11111 

B; 

DatBitl 0 

= 11101 

B; 

DatBitl 1 

= 11100 

B; 

DatBit2 0 

= 10100 

B; 

DatBit2 1 

= 10101 

B; 

DatBit3 0 

= 10111 

B; 

DatBit3 1 

= 10110 

B; 

DatBit4 0 

= 10010 

B; 

DatBit4 1 

= 10011 

B; 

End Cycle 

= 10001 

B; 

End 

= 10000 

B; 

g TRANSITIONS 



WHILE [ Wait on 

FSC ] 


IF [ FSC_Flag ] 

THEN [ Wait_on_NFSC ] 



" else remain in this state " 

WHILE [ Wait on 

NFSC ] 


IF [ NFSC_Flag 

THEN [ Step2 ] 

" WHILE [ Stepl 

] 

" 

IF [] 

THEN [ Step2 ] " 

WHILE [ Step2 ] 



IF [] THEN [ Step3 ] 

WHILE [ Step3 ] 



IF [] THEN t Step4 ] 

WHILE [ Step4 ] 



IF [] THEN [ Step5 ] 



Figure 4. Complete HDL-Description for the Controller (2 of 3) 
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WHILE 

[ Step5 ] 

IF [] THEN [ 

Step6 ] 

WHILE 

[ Step6 ] 

IF [] THEN [ 

Step7 ] 

WHILE 

[ Step7 ] 

IF [] THEN [ 

Step8 ] 

WHILE 

[ Step8 ] 

IF [] THEN [ 

Step9 ] 

WHILE 

[ Step9 ] 

IF [] THEN [ 

SteplO ] 

WHILE 

[ SteplO ] 

IF [] THEN [ 

Stepll ] 

WHILE 

[ Stepll ] 

IF [] THEN [ 

Stepl2 ] 

WHILE 

[ Stepl2 ] 

IF [] THEN [ 

Stepl3 ] 

WHILE 

[ Stepl3 ] 

IF [] THEN [ 

Stepl4 ] 

WHILE 

[ Stepl4 ] 

IF [] THEN [ 

Stepl5 ] 

WHILE 

[ Stepl5 ] 

IF [] THEN [ 

Stepl6 ] 

WHILE 

[ Stepl6 ] 

IF [] THEN [ 

Stepl7 ] 

WHILE 

[ Stepl7 ] 

IF [] THEN [ 

Stepl8 ] 

WHILE 

Stepl8 ] 

IF [] THEN [ 

Stepl9 ] 

WHILE 

' Stepl9 ] 

IF [] THEN [ 

Step20 ] 

WHILE 

Step20 ] 

IF [ DR_Flag ] THEN [ End ] 

IF [ NDRJFlag ] THEN [ DatBitl 0 ] 

WHILE 

DatBitl 0 ] 
IF [] THEN [ 

DatBitl 1 ] 

WHILE 

DatBitl 1 ] 
IF [] THEN [ 

DatBit2_0 ] 

WHILE 

DatBit2 0 ] 

IF [] THEN [ 

DatBit2_l ] 

WHILE 

DatBit2 1 ] 

IF [] THEN [ 

DatBit3_0 ] 

WHILE 

DatBit3 0 ] 

IF [] THEN [ 

DatBit3_l ] 

WHILE 

DatBit3 1 ] 

IF [] THEN [ 

DatBit4_0 ] 

WHILE 

DatBit4 0 ] 

IF [] THEN [ 

DatBit4_l ] 

WHILE 

DatBit4 1 ] 

IF [] THEN [ 

End_Cycle ] 

WHILE 

End Cycle ] 

IF [] THEN [ 

Wait on FSC ] 

WHILE 

End ] 

IF [] THEN [ 

End ] 



Figure 4. Complete HDL-Description for the Controller (3 of 3) 
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0P INLIST 


Start I ; 

FSC I ; 

DCL I ; 

SDI I ; 

SDO 0 ; 

6 LOGIC EQUATIONS 

" Shift-Enable Signal defines the Time Slots to read the Command Bits " 

ShEnable = Q4 * Q3 * Q2 * /Q1 * /QO 
+ Q4 * /Q3 * Q2 * /Q1 * QO 
+ Q4 * /Q3 * Q2 * Q1 * /QO 
+ Q4 * /Q3 * /Q2 * Q1 * QO ; 

" DR and PU mark the corresponding Commands decoded from the Shift Register 

DR = /DataBit3 * /DataBit2 * /DataBitl * /DataBitO ; 

PU = /DataBit3 * DataBit2 * DataBitl * DataBitO ; 

" Shift Register - SHIFT operation only when Enable, else HOLD " 

DataBitO. CLK = / DCL ; 

DataBitO. RST = / Start ; 

DataBitO.J = ShEnable * SDI ; 

DataBitO .K = ShEnable * / SDI 

+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 

DataBitl. CLK = / DCL ; 

DataBitl. RST = / Start ; 

DataBitl. J = Q4 * /Q3 * Q2 * /Q1 * QO * DataBitO 

+ Q4 * /Q3 * Q2 * Q1 * /QO * DataBitO 

+ Q4 * /Q3 * /Q2 * Q1 * QO * DataBitO ; 

DataBitl .K = Q4 * /Q3 * Q2 * /Q1 * QO * /DataBitO 

+ Q4 * /Q3 * Q2 * Q1 * /QO * /DataBitO 

+ Q4 * /Q3 * /Q2 * Q1 * QO * /DataBitO 
+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 

" DataBit2 serves also for the Detection of a new Frame Phase " 

DataBit2.CLK = / DCL ; 

DataBit2.RST = / Start ; 

DataBit2 . J = Q4 * /Q3 * Q2 * Q1 * /QO * DataBitl 

+ Q4 * /Q3 * /Q2 * Q1 * QO * DataBitl 

+ /Q4 * /Q3 * /Q2 * /Q1 * /QO * FSC ; 

DataBit2.K = Q4 * /Q3 * Q2 * Q1 * /QO * /DataBitl 

+ Q4 * /Q3 * /Q2 * Q1 * QO * /DataBitl 

+ /Q4 * /Q3 * /Q2 * /Q1 * QO * /FSC 
+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 

" DataBit3 serves also as Flag for a detected DR-Command " 

DataBit3 .CLK = / DCL ; 

DataBit3 .RST = / Start ; 

DataBit3 . J = Q4 * /Q3 * /Q2 * Q1 * QO * DataBit2 
+ Q4 * /Q3 * /Q2 * /Q1 * QO * DR ; 

DataBit3.K = Q4 * /Q3 * /Q2 * Q1 * QO * / DataBit2 
+ Q4 * /Q3 * /Q2 * /Q1 * QO * /DR ; 

" The Flag PU stores the switches at the first occurence of the Command PU 

PU_Flag.CLK = DCL ; 

PU_F lag . RST = / Start ; 

PU_Flag. J = Q4 * /Q3 * /Q2 * Q1 * QO * PU ; 

PU_Flag.K = 0 ; 

Q4.CLK = DCL ; 

Q4.RST = / Start ; 

Q4.J = /Q4 * Q3 * /Q2 * /Q1 * /QO ; 

Q4.K = Q4 * /Q3 * /Q2 * /Q1 * QO ; 


Figure 5. HDL-Description for the Final Design Implementation (1 of 2) 
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Q3.CLK = DCL ; 

Q3.RST = / Start ; 

Q3.J = /Q4 * /Q3 * Q2 * /Q1 * /QO ; 

Q3.K = Q4 * Q3 * Q2 * Q1 * QO * Databit3 

+ Q4 * Q3 * Q2 * /Q1 * /QO ; 

Q2.CLK = DCL ; 

Q2.RST = / Start ; 

Q2.J = /Q4 * /Q3 * /Q2 * Q1 * /QO 

+ Q4 * Q3 * /Q2 * Q1 * /QO ; 

Q2.K = /Q4 * Q3 * Q2 * Q1 * /QO 

+ Q4 * Q3 * Q2 * Q1 * QO * DataBit3 
+ Q4 * /Q3 * Q2 * Q1 * /QO ; 

Ql.CLK = DCL ; 

Ql.RST = / Start ; 

Ql.J = /Q4 * /Q3 * / Q2 * /Q1 * QO * /Databit2 

+ /Q4 * Q3 * Q2 * /Q1 * QO 

+ Q4 * Q3 * / Q2 * /Q1 * QO 

+ Q4 * / Q3 * Q2 * /Q1 * QO ; 

Ql.K = / Q4 * /Q3 * Q2 * Q1 * QO 

+ /Q4 * Q3 * /Q2 * Q1 * QO 

+ Q4 * Q3 * Q2 * Q1 * QO 

+ /Q4 * /Q3 * /Q2 * Q1 * QO 

+ Q4 * / Q3 * /Q2 * Q1 * QO ; 

QO.CLK = DCL ; 

QO.RST = / Start ; 

QO.J = /Q4 * /Q3 * /Q2 * /Q1 * /QO * DataBit2 
+ /Q4 * /Q3 * Q2 * Q1 * /QO 

+ /Q4 * Q3 * Q2 * /Q1 * /QO 

+ /Q4 * Q3 * /Q2 * Q1 * /QO 

+ Q4 * Q3 * /Q2 * /Q1 * /QO 

+ Q4 * Q3 * Q2 * Q1 * /QO 

+ Q4 * /Q3 * Q2 * /Q1 * /QO 
+ Q4 * /Q3 * / Q2 * Q1 * /QO ; 

QO .K = /Q4 * /Q3 * /Q2 * /Q1 * QO * /DataBit2 

+ /Q4 * /Q3 * Q2 * /Q1 * QO 
+ /Q4 * Q3 * Q2 * Q1 * QO 
+ /Q4 * Q3 * /Q2 * /Q1 * QO 
+ Q4 * Q3 * /Q2 * Q1 * QO 

+ Q4 * Q3 * Q2 * Q1 * QO * DataBit3 

+ Q4 * Q3 * Q2 * /Q1 * QO 

+ Q4 * /Q3 * Q2 * Q1 * QO 
+ Q4 * /Q3 * /Q2 * /Q1 * QO ; 

" Finally the Output Signal " 

SDO = Start 

+ Q4 * Q3 * Q2 * /Q1 * PU_Flag 
+ Q4 * /Q3 * / Q2 * / Q1 * /QO ; 


Figure 5. HDL-Description for the Final Design Implementation (2 of 2) 
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*********★'******★***■*★★*★*★★★'***★**'**•***★**■***★★**★ 

* Output of Updsim Version 1.85 * 

* Date: 02/04/93 Time: 13:56:28 * 

**■**★*★*★**★★★★★***★***★**★★★★*★★★★*★*★★★■*★★★★★*★*★ 

* * 

* Input File Name : APPNOTE3.net * 

* Output File Name : APPNOTE3 . SCL * 

* ★ 
*************************************************** 

★ 

P START, FSC, DCL, SDI, PU_Flag, DataBit3, DataBit2, DataBitl, DataBitO, 

# SDO 
PCO 

■k 

S 1 ( 500 ) START 

S 0 ( 1000, 33000, 65000, 97000, 129000, 161000, 192000, 224000 ) FSC 
S 1 ( 500, 1000, etc) DCL 

S 0 ( 55000, 61000, 117000, 119000, 121000, 123000 ) SDI 
SU time = 300000 

* 

F 

Figure 8. SCL 


SUMMARY 

The example of the developed controller has 
shown that even relative complex designs 
can be realized with quite small PLDs. 
Especially if sequential control functions or 
irregular logic is to be implemented. 

Hardware programmable logic ICs are often 
the most suitable solution and sometimes the 
use of PLDs can simplify the development of 
new boards and systems significantly. 


In addition, the example also illustrates the 
great effect, which can be achieved by certain 
design styles and by an appropriate 
optimization of designs. An initial design 
description has an essential influence on the 
final network and its implementation and so it 
affects the requirements for a component as 
well as the whole projects costs. By 
optimization a designer can reduce the 
amount of gates for a certain design too, 
leading to a much more efficient use of the 
given components. 
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FEATURES 

• Programmable pulse-width/delay 

• Maximum 256 dock cycles 

• Asynchronous TRIGGER input 

• Active-High and Active-Low outputs 

• Asynchronous RESET 

• 20-pin package 


THEORY OF OPERATION 

The one-shot consists of a PLC42VA1 2 and 
an external clock which may be part of the 
system in which this one-shot is to work. As 
shown in Figures 1 and 3 the PLD is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. 
Since the input data is inverted before it is 
loaded into the registers, counting from the 


complements of the input to FF will give the 
correct number of counts as counting from 
the input down to 00. 

Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1’s (terms 
PB, PA, and PMO). At the rising edge of the 
next clock, data is latched into the registers 
(terms LB, LA, and LMO). When /TRIG goes 
Low, it is latched into the input latch formed 
by term #0, 1,2 and 1 3. The output Ol of 
the latch goes High and 02 goes Low which 
enables the 8-bit counting cycle. The 01 and 
/Ol will maintain their output levels until the 
end of the counting cyde at which time the 
counter reaches the count FF, resets the 
latch by term # 13, and sets 02 High. At the 
rising edge of the next clock, terms LA, LB, 
and LMO cause data to be loaded again into 
the registers, and the device is ready for 
another /TRIG input. The output waveforms 
are illustrated in Figure 2. 


If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the 
device will react as mentioned above, and at 
the end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. Ol a, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
Ola will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output 02 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 

The one-shot is implemented by 
programming the PLC42VA12 as shown by 
the SNAP listing in Figures 3 and 4. 
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************************************************************ 

* PLC42VA12 24-Pin DIP Package Pin Layout 

★ 

* Date: 08/10/93 

Time 

13:02:11 * 

**********r********r*************''*r*****r****'*****r******'******** 

1 \ 

/ 1 


1 

CLK [ 1 | IO/CLK 

1 

VCC | 24] 


RESET [ 2 |I1 

M9 1 23] 

02 

TRIG [ 3 | 12 

M8 | 22] 

NOl 

[ 4|I3 

M7 | 21] 

INF 7 

t 5|I4 

M6 | 20] 

INF 6 

[ 6 1 15 

M5 1 19] 

INF 5 

[ 7 1 16 

M4 1 18] 

INF 4 

[ 8 1 17 

M3 | 17] 

INF 3 

t 9 1 18 

M2 | 16] 

INF2 

01 [10 |B0 

Ml| 15] 

INF1 

01A [11 |B1 

MO | 14] 

INFO 

[12 |GND 

1 

19/OE | 13] 

1 


Figure 3. 

Pin Layout 



" Programmable Retriggerable One-Shot " 


This design is for a PLC42VA12 device. 

A similar type of function may be programmed into 
any of the PLS155/7/9A type devices. These devices 
contain a flip-flop preload function which may be 
controlled by input pins and TTL voltage levels or 
by feedback into the array from the flip-flops outputs. 

This one-shot loads the data at the INFO-INF7 
input pins into the counter at the end of the clock 
cycle {02 = HIGH) . If TRIG input is LOW longer than 
the count cycle, output 01A will go LOW for one 
clock period and will go HIGH again for another count 
cycle . Outputs N01 and 01 stay LOW and HIGH 
respectively until TRIG goes HIGH and the count 
cycle is completed without interruption. 


@pinlist 


elk 

reset 

trig 

inf [7. .0] 

01 

02 
nol 
ola 


@ logic equations 


" equations for latch circuit " 


01 = (nol+/trig) ; 

ola = / (nol+/trig) ; 

Ola.oe = 1; 

nol = /( (f7*f6*f5*f4*f3*f2*fl*f0) 

+ Ola) ; 
nol.oe = 1; 

" count comparison equation " 


= (f 7*f 6*f5*f4*f3*f2*f l*f 0) ; 


Figure 4. SNAP Listing (1 of 2) 
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equations to load counter from pins " 


"use register preload feature" 


temp [15 . 

. 0 ] .Id = 

(f7*f 6 

templ4 

= 

inf7; 

templ5 

= 

/inf7; 

templ2 

= 

inf 6; 

templ3 

= 

/ inf 6; 

templO 

= 

inf 5; 

templl 

= 

/ inf 5 ; 

temp8 

= 

inf4; 

temp 9 

= 

/inf4; 

temp 6 

= 

inf 3 ; 

temp7 

= 

/inf 3; 

temp4 

= 

inf 2 ; 

temp5 

= 

/inf2; 

temp2 

= 

inf 1 ; 

temp3 

= 

/ inf 1; 

tempO 

= 

infO; 

tenpl 

= 

/infO; 


counter equations" 


"The counter is constructed using the toggle feature of 
JK flip-flops. Both J and K are connected to the same 
product term so only eight product eras are required to 
implement this counter. The ' +tempXX' input does not require 
a product term in the 42VA12 or PLS155/7/9A type devices 
due to the wire-or register preloading feature. This 
feature is controlled internally in the device by the 
LA and LB product terms. SNAP automatically uses these 
control terms to implement the preload. 


( (nol*reset) 

+tenpl) ; 

( (nol*reset) 

+tempO) ; 

( (nol*fO*reset) 

+temp3) ; 

( (nol*fO*reset) 

+temp2) ; 

( (nol*fl*fO*reset) 

+tenp5) ; 

( (nol*fl*fO*reset) 

+temp4) ; 

( (nol*f 2*f l*f 0*reset ) 

+temp7) ; 

( (nol*f2*fl*f0*reset) 

+tenp6) ; 

( (nol*f3*f 2*f l*f 0*reset) 

+temp9) ; 

( <nol*f3*f2*fl*f0*reset) 

+temp8) ; 

( (nol*f 4*f3*f 2*fl*f0*reset) 
+temll) ; 

( (nol*f4*f3*f2*fl*f0*reset) 
+temlO) ; 

( (nol*f5*f 4*f 3*f2*f l*fO*reset) 
+teml3) ; 

( (nol*f5*f 4*f3*f2*fl*f0*reset) 
+teml2) ; 

( (nol*f 6*f5*f 4*f3*f2*fl*f0*reset) 
+teml5) ; 

( (nol*f 6*f5*f4*f3*f2*fl*f 0*reset) 
+teml4) ; 


f[7. .0] 
f[7..0] 


elk = elk; 
set = reset; 


Figure 4. SNAP Listing (2 of 2) 
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INTRODUCTION TO 
PROGRAMMABLE MACRO 
LOGIC DESIGN CONCEPTS 

Programmable Macro Logic (PML), an 
extension of the Programmable Logic Array 
(PLA) concept combines a programming or 
fuse array with an array of wide input NAND 
gates wherein each gate folds back upon 
itself and all other such NAND gates. This is 
called a foldback NAND structure and its 
basic elements have been outlined previously 
(Cavlan 1 , Wong 2 , Gheissari and Safari 3 ). 

The choice of an internal NAND logic cell is 
appropriate because the cell is functionally 
complete, requiring but a single cell type to 
generate any Boolean function. A cell within 
the PLHS501 may be configured to 
accommodate from one to 32 inputs from the 
outside world, and up to 72 inputs from within 
the chip. Because the user can select either 
direct or inverted input variables, and either a 
direct or complemented output, the NAND 
function can generate, with a single pass 
through the programming array, the basic four 
logic functions of AND, OR, NAND, NOR. all 
these basic functions, can be extremely wide, 
of course (see Figure 1). This convenient 
structure allows efficient exploitation of all 
widely used minimization techniques 
(Karnaugh Maps, Quine-McClusky, Boolean 
Algebra, etc.). 

The obvious extensions to additional 
combinational functions for decoding, 
multiplexing and general Boolean functions is 
straightforward. Adding feedback to the 
system expands the range of realizable 
functions to include sequential as well as 
combinational functions. Figure 2 illustrates 
the basic arrangement of the PLHS501 . 


Because of the large number of inputs each 
NAND gate has available, logic functions that 
require several levels of conventional 4 or 8 
input gates may be able to be reduced to 1 or 
2 levels. However, it is important to realize 
that unlike AND-OR PLD architectures, more 
than 2 levels of logic may be implemented in 
the PLHS501 without wasting output or input 
pins. Up to 72 levels of logic may be 
implemented due to each of the 72 foldback 
NAND gates. 

So far, the concept of a “macro” is still not 
evident. Two ways for the generation of a 
macro exist— namely, hard and soft. 
Borrowing from the concept in computer 
programming wherein a section of code 
(called a macro) is repeated every time its 
use is required, we can establish 
subfunctions which can be repeated each 
time required. The user defined or soft macro 
can be one which will generate a function by 
fused interconnect. When a fixed design 
function is provided, it is a hard macro. This 
may be an optimized structure like a flip-flop 
or an adder, or some other function which is 
generated on the foundation, by the 
manufacturer. Soft macros are seldom 
optimized or precisely consistent, but hard 
macros are both optimized and unalterable. 

When a user function for a particular use is 
isolated, defined and repetition of the function 
is required, special software constructs are 
provided which will allow it to be defined at a 
higher performance and functional density, 
and an array of choices which contain 
optimized functions or hard macros will be 
offered in successor chips. In particular, the 
PML2552 and PML2852 include an array of 
flip-flops for state machine design. 


Optimizing combinational functions in PML 
consists largely in making choices and 
trade-offs. For single output logic functions, 
the choice is obvious from the truth table. If a 
particular function’s truth table has fewer 
entries that are logical zeroes than logical 
ones, product of sums should be chosen and 
the appropriate OR-AND structure generated. 
Otherwise, the usual sum of products should 
be chosen, minimizing as usual, before 
dropping into the two level AND-OR structure 
(using the NAND-NAND realization). 
Combining the availability of inversion at the 
input and output of the chip, the 
NAND-NAND structure can perform either the 
OR-AND or the AND-OR rendition of a 
function with equal logic levels. The designer 
needs only to choose the optimal rendition to 
suit his needs (see Table 1 ). Truth tables with 
50% ones can use either version at the 
designers whim unless other uses arise. 


PERFORMANCE 

The PLHS501 (Figure 2) is a high speed, 
oxide isolated, vertically fused PML device 
containing 72 internal NAND functions which 
are combined with 24 dedicated outputs. A 
large collection of applications, both 
combinational and sequential, may be 
configured using this part which looks roughly 
like a small, user definable gate array. For the 
sake of clarity, worst case passing a signal 
from an input, making one pass through the 
NAND array (output terms) and exiting an 
output takes around 25 nanoseconds with 
each incremental pass through the NAND 
foldback array taking about 8 nanoseconds. 
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The data sheet first lists some maximum 
propagation delays from an input, through a 
NAND output term and out through various 
output gates. Secondly, it lists maximum 
propagation delays from an input, through a 
NAND foldback term, through a NAND output 
term and out through the different output 
gates. 


PLHS501 TIMING 




It is intriguing that subtracting one from the 
other yields a NAND foldback gate delay of 5 
to 6ns when the worst case gate delay of an 
internal foldback gate is listed as 8ns. This is 
due to the fact that a gate has less of a delay 
when its output is falling (Iphl) than when its 
output is rising (tp L H)- When passing a signal 
through two NAND gates one gate will have 


less of a delay than the other, and since the 
individual rise and fall delays are not 
specified, this causes the apparent 
discrepancy between the two delays. 

Figure 3, Figure 4, Figure 5 and Figure 6 
show graphically the timing paths listed in the 
PLHS501 data sheet. 
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PLHS501 TIMING (Continued) 
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PLHS501 TIMING (Continued) 
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NAND GATE FLIP-FLOPS 

Various types of flip-flops and latches may be 
constructed using the NAND gate building 
blocks of the PLHS501. A typical 7474 type 
of edge-triggered D flip-flop requires 6 NAND 
gates as shown in Figure 7. 

No additional gates are required to implement 
asynchronous set and reset functions to the 
flip-flop. The equations necessary for SNAP 
to implement the D flip-flop are shown in 
Figure 8. However, please note that the 
equations of Figure 8 define a D flip-flop 
configured as a divide by 2 (i.e., QN is 
connected to the data input) whereas 
Figure 7 shows a general case. Also note 
that flip-flops with some additional features 
may be constructed without using more than 
the six NAND gates. This is possible because 
of the large number of inputs associated with 
each NAND gate. For instance, a flip-flop 
may be required to have a clock gated by one 
or more signals. Using the PLHS501, it may 


be implemented by adding additional input 
signal names to NAND gate equations of 
gates #2 and #3 of Figure 7. If the data input 
is to the AND of several signals, extra inputs 
to NAND gate #4 may be used. Or if 
additional set or reset lines are required, they 
may be added simply by using more of the 
inputs of each NAND gate connected to the 
main set or reset. 

Figure 1 0 shows two simulations of the same 
flip-flop. The first one is at a little less than 
maximum frequency, for clarity in following 
the waveforms, and the second is at the 
maximum toggling frequency. For these 
simulations each NAND gate h^s a maximum 
tpHL or tp L H of 8ns (which is the gate delay of 
a NAND gate in the PLHS501's foldback 
array). First of all, it can be seen from these 
simulations that for proper simulation or 
testing of such a device a set or reset input is 
mandatory. Both Q and QN outputs are 
unknown not matter what the inputs do, until 


they are put into a known state by either a set 
or reset input. Secondly, various timing 
parameters such as propagation delay, as 
well as setup and hold times may be 
determined. 

Therefore, performance of the flip-flop 
depends a great deal on which gates in the 
PLHS501 are used, either NAND gates in the 
foldback array or output NAND gates, 
connected to bidirectional pins. As a test of 
the simulation, a D flip-flop connected as a 
divide by 2 was constructed using only the 
foldback NAND terms (see Figure 8). An 
output NAND terms was used to invert the 
QN output and drive an output buffer. The 
only inputs were the clock and a reset. The 
data input to the flop was driven internally by 
the QN output. According to the simulation, it 
was possible to drive the clock at a frequency 
of 25MHz and this small circuit also 
functioned at that frequency. 
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* PLHS501 52-Pin PLCC Package Pin Layout * 

* Date: 10/13/93 Time: 16:42:21 * 

************************************************************ 

R C 
S L 
T K 


I I I I I I I |5|5|5|4|4|4| 
|7|6|5|4|3|2|1|2|1|0|9|8|7| 


+ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

+ 

1 

i 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

9 

8 

7 

6 

5 

1 

1 

7 

6 

5 

4 

3 

2 

1 

0 






1 

[ 8 | VCC 














VCC |46] 

[ 9 1 118 














14 |45] 

[10)119 














13 144] 

[111 120 














12 I 43] 

[12 1 121 














11 142] 

[13 | 122 














10 I 41 ] 

[14 1 123 














/B3 | 40] OUT 

[15 |B4 














/B2 |39] 

[16IB5 














/B1 138] 

[17 |B6 














/B0 137] 

[18 |B7 














X7 |36] 

[19100 














X6I35] 

[20 |GND 














GNDI34] 

i 




/ 

/ 

/ 

/ 







i 

i 

O 

0 

0 

O 

O 

0 

O 

X 

X 

X 

X 

X 

X 

1 

i 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 
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Figure 8. SNAP Listing 
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FUNCTIONAL FIT 

In the late 1960's and early 1970’s designers 
used SSI, MSI and small amounts of early 
LSI to generate logic solutions. Frustrated by 
the lack of wide input gates to accommodate 
a lot of product terms for two level solutions, 
they turned toward the budding ROM and 
PROM products. These devices relied on 
literally realizing a function by generating its 
truth table in silicon. The logic function had to 
have each logical one and zero realized 
distinctly as an entry for a particular 
combination of input variables, usually 
supplied on the address lines of the memory. 
Observing that many such truth tables were 
dense in ones or zeroes and sparse in the 
remainder, a cadre of initial manufacturers 
emerged with focus on supplying a 
programmable product with a few AND gates 
and OR gates which were versatile enough to 
compete against the ROM/PROM parts. The 
gimmick supplied these PLA manufacturers 
was to illustrate the functional equivalency of 
the PLA to the PROM by comparing the 
number of product terms (to be shortened to 
“p-terms") the PLA supplied and comparing 
this to the width and depth of available 
PROMs. P-terms became the “currency" of 
the PLA world and a designer only had to 
assess the equivalent number of Boolean 
product terms required by his function to 
determine whether a particular PLA was a 
suitable candidate for his design. 

Almost in parallel, gate arrays became 
available. These provided an array of 
identical, fixed input gates (usually two input 
NANDs or NORs). These were generated in 
a regular fashion on substrate which has a 
fixed input/output pin arrangement. Also 
recognizing that all logic functions could be 
built from the appropriate two input gate, 
when interconnected correctly, manufacturers 
offered these devices to customers who 
required increased density. 


The designer's responsibility was to generate 
what would ultimately be a metal interconnect 
pattern of his design. Special tools were 
required to allow an untrained system 
designer to do this successfully. Flop-flops, 
decoders, registers, adders, etc., could all be 
generated from the low level gate building 
blocks. 

The currency of gate arrays became known 
as gate equivalent functions. That is with 
limited number of available gates on a 
substrate, the user needed to know precisely 
how many gates were used up, on a function 
by function basis, to generate each piece of 
his design. A D flip-flop requires about six 
gates, a D latch four, a 3 to 8 decoder takes 
about 1 4 gates and so forth. This allowed 
estimation regarding whether the function 
could conceivable be fit onto a particular 
substrate or not. Manufacturers had to offer 
multiple foundations to that a designer could 
be assured that his design would result in a 
working 1C. 

The classic method of estimating whether a 
logic function would fit into a PLA was to 
determine the number of I/O pads required 
and the number of product terms required to 
generate the logical function, then select the 
PLA. For a gate array, the required measure 
included the I/O pad arrangement but 
substituted the number of available gates to 
generate the logical function (usually by table 
lookup). In an attempt to reconcile the two 
measures, Hartman 4 has evolved a formula 
for his product line. A calculation using this 
method and developing an appropriate 
“exchange rate: is shown in Table 2 for the 
PLHS501 and PLHS502. An alternate 
method of generating an estimate is to 
consider the gate equivalent of generating, 
say for the PLHS501, a gate equivalent of the 
part in an optimistic functional configuration 
(72 occurrences of a 32 input NAND gate). 


Figure 11 shows how this will result in over 
2000 equivalent gates. Conversely, by 
stacking the NAND gates into D flip-flops, its 
least efficient function, the PLHS501 will have 
a gate equivalent of only about 1 00 gates. 

The most rational method of assessing fit is 
to isolate functions and identify the correct 
configuration in terms of gates, to allow direct 
tally of the gates used, to generate the 
proposed configuration. Table 3 may assist in 
doing this analysis. Note that all basic gates 
require precisely one gate to generate the 
function. Also note the occurrence of 
functions in the table which could never be 
generated as standard ICs previously. The 
procedure is to tally the design against a total 
budget of 72 multiple input NAND gates. 

Table 3 is illustrative only, and should by no 
means be taken as complete. It may be 
simply expanded by designing the proposed 
function with disregard to the usual 
restrictions on the number of inputs to a gate, 
realize the function as one, two, three, or 
more levels of interconnected logic and count 
the number of gate occurrences required. 
Special software has been provided to allow 
pyramided logic structures to be generated 
under the designer's control. These 
structures may, however, be no deeper than 
72 levels for the PLHS501 . Functions should 
be generated in accord with the guidelines 
mentioned before, for selecting an optimal 2 
level logical solution. 

It is an interesting observation that 
manufacturers of gate arrays and standard 
cell products which offer embedded PROMs, 
ROMs or RAMs have not successfully 
described these embedded functions in terms 
of equivalent gates, but rather resort to other 
means (such as divulging their relative area 
with respect to the area of a basic gate). 
There is, as yet, no standard in this arena. 
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Table 2. Equivalency Ratio 


Hartman's method is based on a CMOS gate array equivalency wherein 4 transistors 
constitute a 2 input NAND or NOR gate, equal to one gate. Thus, his “exchange rate' 
is as follows: 

E.R. = 4 x# inputs 
+9 x # FFs 

+7 x # 3-State outputs 

+(15 to 30) x # OR outputs from the AND/OR array. 


For the PLHS501 : (using CMOS numbers which may be inappropriate) 

E.R. = 4x32 
+9x0 
+7 x24 

+(1 5 to 30) x 50% of 72 feedbacks = 836 to 1376 gates 


Being for two bipolar ICs, in this case, the method may be inappropriate, 
but may be taken as an estimating procedure. 
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Table 3. PLHS501 Gate Count Equivalents 



INTERNAL 


FUNCTION 

NAND EQUVAL- 

COMMENTS 


ENT 


Gates 

NANDs 

1 

For 1 to 32 input variables 

ANDs 

1 

For 1 to 32 input variables 

NORs 

1 

For 1 to 32 input variables 

ORs 

1 

For 1 to 32 input variables 

Decoders 

3-to-8 

8 

Inverted inputs available 

4-to-16 

16 

Inverted inputs available 

5-to-32 

32 

Inverted inputs available (24 chip outputs 
only) 

Encoders 

8-to-3 

15 

Inverted inputs, 2 logic levels 

1 6-to-4 

32 

Inverted inputs, 2 logic levels 

32-to-5 

41 

Inverted inputs, 2 logic levels, 
factored solution. 

Multiplexers 

4-to-1 

5 

Inverted inputs available 

8-to-1 

9 


1 6-to-1 

17 


27-to-1 

28 

Can address only 27 external inputs - 
more if internal 

Flip-Flops 

D-type Flip-Flop 

6 

With asynchronous S-R 

T-type Flip-Flop 

6 

With asynchronous S-R 

J-K-type 

Flip-Flop 

10 

With asynchronous S-R 

Adders 

8-bit 

45 

Full carry-lookahead (four levels of logic) 

Barrel Shifters 

8-bit 

72 

2 levels of logic 

Latches 

D-latch 

3 

2 levels of logic with one shared gate 
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SUMMARY 

The evolution of Programmable Logic 
Devices (PLD's) has led to the birth of a new 
generation of programmable devices 
designated as PML (Programmable Macro 
Logic). The immense versatility of these 
devices brings them closer as plausible 
alternatives to semicustom design 
approaches in low-to-medium ranges of 
applications. The following paper gives a 
description of all three PML devices, the 
PLHS501, PML2552, and the PML2852. In 
addition, some basic design tips and 
techniques for PML devices are presented. 


THE EMERGENCE OF THE 
THIRD GENERATION 
PLD ARCHITECTURE 

PML was introduced at WESCON '85 by 
Philips Semiconductors Corporation. The 
unique architecture of PML breaks away into 
a new era of programmable logic devices. 

The purpose of the PML architecture is to 
overcome the two level AND-OR bottleneck 
and provide the user with a higher level of 
logic integration. Current PLD's rely on two 
levels of logic transformation to implement 
combinational logic in Sum-Of-Products 
(SOP) form. In addition, various PLD's make 
use of higher level macros such as flip-flops 
to form sequential logic functions. These 
macros connect the AND-OR chain to 
dedicated I/O pins. 

Figure 1 show the basic architecture of one of 
the most recent PAL® devices. It is clear that 
this architecture is inefficient in making full 
use of the available on-chip resources. This 
is due to the fact that an unused I/O macro 
will be wasted and remains futile. 


For example, if an I/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic 
integration. The PML device takes advantage 
of the fundamental architecture shown in 
Figure 2 to overcome these deficiencies and 
waste of on-chip resources. As shown in 
Figure 2, PML incorporates the NAND-NAND 
gate equivalence to break the AND-OR 
bottleneck. 


The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. 

The first device is the PLHS501 . The 
seemingly simple structure of this device can 
implement every logic function furnished by 
the current PAL/PLA devices. Although the 
PLHS501 is principally a combinational logic 
device, its unique architecture makes it an 
ideal tool for applications involving 
asynchronous state machines (See 
Reference 2). 



OPAL Is a registered trademark of Advanced Micro Devices, Inc. 
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THE PLHS501 

The PLHS501 architecture in Figure 3 
exhibits an exquisite logic tool. The device 
provides a combination of 72 NAND terms, 
24 dedicated inputs (10-123), eight 
bidirectional I/O's (B0-B7), eight 
exclusive-OR outputs (X0-X7), and eight 
dedicated outputs (00-07). 

Since the output of each NAND term feeds 
back to the inputs of the NAND array, 


intricate logic functions can be implemented 
without wasting valuable I/O pins. For 
example, in order to implement an internal 
'RS' latch in a combinational PAL/PLD, at 
least two inputs and two outputs are required. 
The same internal latch can be configured by 
the PLHS501 without using any I/O pins. 

The shorthand notation of Figure 3 hides 
something with which many designers have 


been impressed in the PLHS501 , the wide 
input NAND gates. Figure 4 shows just how 
wide the internal NANDs are, from a logical 
viewpoint. Each NAND can accommodate up 
to 32 external inputs and 72 internal inputs. 
Hence the part is ideal for wide decoding of 
32-bit address and data busses. With 72 
copies of the wide NAND, the PLHS501 is 
often compared against low-end gate arrays. 
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b. D Latch 

Figure 5. R/S and D Latch Implementation with 
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LATCHES 

Figure 5 illustrates how ‘RS’ and ’D’ latches 
are implemented in the PLHS501 . 







Philips Semiconductors Programmable Logic Devices 

Application Note 

Programmable macro logic primer 

AN029 


Flip-Flop Merging 

Figure 6a shows the positive edge triggered 
D flip-flop structure. By putting a two-level 
AND/OR structure in front of the data input, 
the D flip-flop can be steered from state to 
state. 

Figure 6b shows such an input structure 
realized from a two-level NAND gate section. 

Figure 6c shows this “AND-OR" structure 
rolled inside of the flip-flop. The gating was 
merged with the flip-flop inwards to make a 
faster, composite function. Whereas this may 
appear as a trick to the uninitiated, this 
degree of flexibility allowed gate array 
designers to merge a multitude of logic into a 


fixed foundation. For highest efficiency, 
similar thinking allows the designer to break 
up decoders and multiplexers into their 
building blocks and generate only the pieces 
needed. 


PLHS501 DESIGN EXAMPLE 

The following example intends to manifest 
the capabilities of the PLHS501. Figure 7 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system is 


partitioned into two PLS173s and one 
PLS153. The specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 7). Figure 8 shows the 
overall system implemented with PLDs. The 
logic condensation capabilities of PML makes 
it feasible to replace the whole system by a 
single PLHS501 (Figure 9). The PLHS501 in 
this design will still have ample space for any 
future additions. 

The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 
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Figure 9. System in Figure 7 Implemented with PLHS501 
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THE PML2552 

The PML2552 is the first CMOS PML part. 
Using an EPROM process, the PML2552 is a 
dense, fast multilevel PLD capable of making 
multiple independent state machines in a 
single part. The PML2552 has been 
optimized for handling data within the part 
and is ideal for making bus controllers and 
other microprocessor peripherals. Useful 
PML2552 applications areas include DMA 
controllers, DRAM controllers. Video memory 
controllers, FAX machines, hand held 
instruments, laser printers, digital and 
telecommunications. 

The PML2552 combines 96 foidback NAND 
gates with 52 flip-flops in a 68 pin package. 
See the block diagram in Figure 10. 

Foidback NAND gates are the easiest to use 
programmable elements. Because any 
function can be built from NAND gates, they 
have no inherent logic limitation. Foidback 
gates permit free connection of any gates in 
the foidback region. This allows designers to 
make any number of logic levels necessary to 
solve problems. Usually, the design software 
flattens the logic to exploit the wide inputs of 
these gates, but the designer easily 
maintains full control. 

The choice of flip-flops has been done 
judiciously optimizing two 8 bit data paths 
within the part. Two groups of D flip-flops are 


assigned to input pins, and two groups of D 
flip-flops are associated with output pins. The 
latter group may also be buried. Additionally, 
two groups of 10 JK flip-flops are buried for 
building efficient counters, shifters and other 
state machines. JK flip-flops require very little 
additional gating circuitry to make state 
machines. 

Figure 1 1 shows a more detailed diagram of 
the PML2552, with the internal cell names 
broken out according to the conventions used 
with Philips Semiconductors SNAP software. 
An important point should be made with 
Figure 1 1 regarding internal timing 
specifications. Each cell shown in Figure 11 
has been specified as if it were a gate array 
type cell. These specifications include the cell 
time delay (min,typ,max) and how the time 
delay increases with incremental loading. The 
details of the time delays are shown in the 
data sheet. The exact same values are 
automatically included in the simulation 
model which SNAP makes after a design 
compiles into the PML2552. 


THE PML2852 

Figure 10 shows a block diagram of the 
PML2852. The PML2852 is similar to the 
PML2552 except it has an additional 1 6 
outputs. The 3-State control structure for pins 
1/00 - 1/015 was changed from independent 


control to two 8-bit groups in the PML2852. 

All chip resources connect through the 
central array. It is possible to form logic 
functions of up to 96 levels by passing input 
signals repetitively through the 96 foidback 
NAND gates. Folded architectures permit free 
internal connection of buried gates and 
flip-flops. It is also possible to form logic 
functions from input to output in a single 
NAND level. Two groups of 10 buried JK 
flip-flops are within the programming array, 
along with two groups of 8 D flip-flops. 
Additional input flip-flops are available at the 
device pins. Several clocking options are 
available for the different flip-flop groups. 

The PML2852 has 84 pins. The PML2852 
and PML2552 both are available in 
reprogrammable and one time programmable 
packages. 

Typical propagation delays for the internal 
NAND gates are 15 nanoseconds. Flip-flop 
toggle rates are at 50 MHz, with some JK 
based counters operating at that rate. 

The basic architectural rationale is to use the 
input D flip-flops to capture data. Then, the 
buried D flip-flops pipeline data and the JK 
flip-flops form counters, timers and control 
flip-flops. Of course, the JKs may act as shift 
registers as can the buried D flip-flops. Using 
D flip-flops for counter design is discouraged, 
but allowed. A wide class of data oriented 
applications fit this architecture well. 
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Figure 11. SNAP PML2552 Resource Summary Designations 
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TESTABILITY 

Deep nesting of the buried flip-flops makes 
testability an important issue. Both 
controllability and observability of the 
flip-flops would be jeopardized if they were 
not scan chain configurable. By asserting the 
Scan Mode pin, the buried flip-flops form a 
large, multiplexed shift register (Figure 1 2). 
The shifter is controllable and observable. 
Parallel output of the most significant 1 6 bits 
of the shifter goes to the outside world. 
Alternatively, multiple PML2852s or 
PML2552s can cascade if correctly 
connected. 


POWER DISSIPATION 

All EE and EPROM based PLDs contain an 
NMOS core. An external CMOS image 
occurs because the I/O pads are CMOS. To 
improve on the power consumption, two 
techniques have evolved. One technique, 
input transition detection, automatically 
reduces power consumption by sensing input 
pin activity. The other technique uses a 
special power down pin. The power down pin 
blocks current flow into the chip core, 
reducing power consumption. The PML2552 
and PML2852 use a power down pin. Power 
down presents the problem of maintaining the 
internal device state during power transition. 
Internal node conditions automatically latch 
when power down occurs, and restore upon 
power up. Full power consumption is 525 mW 
at maximum speed. In low power mode, this 
drops to one tenth that value. 


DESIGN SOFTWARE 

To support PML, a gate array style software 
package, called SNAP, is available from 
Philips. SNAP contains resources for 
equation and schematic capture 
(incorporating OrCAD™ SDT and 
FutureNet™ DASH). SNAP includes a 
proprietary simulator and logic compilers for 
the entire Philips Semiconductors PLD family. 
The compilers use netlist synthesis and 
netlist optimization methods, and ultimately 
compile to JEDEC fusemap formats. A logic 
netlist model, including all internal node 
delays, is derived automatically from the 
JEDEC format. The derived model permits 
accurate device simulation. 
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Targeting a PML2552/2852 Design 

Key to a successful design is recognizing an 
appropriate mapping of internal resources to 
a specific design. The designer should think 
of JK flip-flops for counters and state 
machines, maximizing efficiency. As well, the 
input D flip-flops should be aimed at handling 
byte wide data applied to the input pins. The 
buried D flip-flops can be thought of as a 
natural landing place for output data, 
internally buffered data, shift registers, or 
simple state machines. Care should be taken 
to assign external clocks to the appropriate 
pins of the PML2552 or PML2852, because 
specific pins are dedicated as clock inputs to 
the internal flip-flops. SNAP may sometimes 
be used with automatic pinning mode, but 
this is often less than optimal. 

By careful use of key flip-flop properties, a 
design can be easily forced to land in specific 
internal flip-flops. Remember, the 
PML2552/2852 has input D flip-flops, output 
D flip-flops, JK flip-flops with independent 
resets and JK flip-flops with independent 
sets. As an example, if a JK flip-flop equation 
is written, and its asynchronous set input is to 
a logical 1 , then SNAP assumes that the JK 


flip-flop is to be one which has an 
asynchronous set and assigns it accordingly. 
On the other hand, if the asynchronous reset 
is referred to, SNAP will map this to a JK 
flip-flop with an asynchronous reset input. It’s 
usually that simple. If the designer uses a 
flip-flop which is not an available PML 
resource, SNAP will build it out of NAND 
gates in the foldback array. This is usually 
found during the compile phase when the 
resource summary exceeds the available 
foldback gates and the expected flip-flops go 
unused. 

The most straightforward design method is 
simple incremental compiling. Incremental 
compiling is the logical approach to use with 
PML. Incremental compiling is simply taking a 
small piece of a design, capturing it (either 
equations or schematic) and compiling it into 
the part. During the compilation process, a 
small table is displayed showing the current 
usage of internal PML 2552 resources. 

Figure 13 shows such a small resource table. 
At this point, when the resources are 
examined, each cell should be accounted for. 
If not, there is either something wrong or the 
designer has misunderstood the part or the 


mapping process. When the resource is 
correctly mapped, it shows up in the table 
with the right tally. If not, the netlist may need 
examination. 

By going incrementally, designs will progress 
systematically with only small surprises along 
the way. Usually, the surprises are that the 
design took fewer resources than expected. 
This is because the PML architecture is 
almost fully connectible, and SNAP optimizer 
is focused on flattening the design (for speed) 
to maximize wide internal gate usage. 

As a suggestion, one very appropriate design 
method is to layout the data paths first, 
compile the design, then when everything fits 
appropriately, design in the control sections. 
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CDIN552 
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1 

/ 

4 
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8 

/ 

16 

50% 

BDIN552 

0 

/ 

24 

0% 

JKCL552 

10 

/ 

10 

100% 

JKPR552 

10 
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10 

100% 

EXOR552 

8 
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8 
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12 

/ 

16 
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Figure 13. PML2552 Resources Summary 
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DESIGN EXAMPLES 

Most designers tend to view a PLD as a 
mechanism for collecting logical glue within a 
system. That is, those pieces which tie 
together the larger LSI microprocessors, 
controllers, RAMs, ROMs, UARTs, etc. 
However, there is a tendency of viewing a 
gate array as an entire system on a chip. 

PML based products will fit well in either 
casting as will be demonstrated by a series of 
small but straightforward examples. For 
starters, we shall examine how the fusing 
process embeds function, progress to 
glue-like decoding operations and finally 
demonstrate some coprocessor like functions 
as well as homemade “standard products”. 


The method of associating gates within the 
NAND foldback structure is depicted in 
Figure 1 wherein a simple three to eight 
decoder is fused into the array. The 
corresponding inputs are on the left and 
outputs at the top. This figure shows inputs 
and their inverse formed in the array resulting 
in a solution that requires 6 inverting NANDs 
that would probably be best generated at the 
input receivers. Hence, this diagram could be 
trimmed by six gates, down to eight to 
achieve the function. Figure 2 shows two 
consecutive D flip-flop fusing images. Note 
that asynchronous sets and resets may be 


achieved for free, in this version. In both 
Figures 1 and 2 the gates are numbered in a 
one-to-one arrangement. As well, the 
accompanying equations are in the format 
used by Philips SNAP design software. For 
clarity, consider the gate labeled 2A in 
Figure 1 . Schematically, this is shown as a 
3 input NAND. However, in the fused 
depiction, it combines from three intermediate 
output points with the dot intersect 
designation. Hence, all gates are drawn as 
single input NANDs whose inputs span the 
complete NAND gate foldback structure. 


1 OF 8 DECODER/DEMULITPLEXER 
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One straightforward example of using a 
PLHS501 is shown in Figure 3. Here, the 
device is configured to accept the 23 upper 
address lines generated by a 68000 
microprocessor. By selecting the direct and 
complemented variables, at least 16 distinct 
address selections can be made using only 
the dedicated outputs. The designer can 
combine additional VME bus strobes, or other 
control signals to qualify the decode or, define 
8 additional outputs for expanded selection. 


As well, the designer could transform the 
bidirectionals to inputs and decode over a 32 
bit space, selecting combinations off of a 32 
bit wide address bus. Because this simple 
level of design requires only NAND output 
terms plus 4 NAND gates in the foldback 
array (for inversion of signals connected to 
03.00), there may be as many as 68 
remaining gates to accomplish additional 
handshaking or logical operations on the 
input variables. 
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An eight bit barrel shifter exploits most of the 
PLHS501 as depicted in Figure 4. This 
implementation utilizes all 72 internal 
foldback NANDs in a relatively brute force 
configuration as well as 8 output NANDs to 
generate transparent latched and shifted 
results. The shift position here is generated 
by the shift 0, shift 1 and shift 2 inputs which 
are distinguished and selected from the input 
cells. Variations on this idea of data 
manipulation could include direct passing 


data, mirror imaged data (bit reversal) or byte 
swapping to name a few. 

Part of an eight bit, look-ahead parallel adder 
is shown in Figure 5. Gates necessary to 
form the level-0 generate and propagate, as 
well as the XOR output gates generating the 
resulting sum are not shown. The reader 
should be aware that this solution exploits 
four layers of pyramided gates and only 
utilizes a total of about 58 gates. Additional 
comparison or Boolean operations could still 


be generated with remaining NAND functions 
to achieve additional arithmetic operations. 
This application should make the reader 
aware of a new class of applications 
achievable with third generation PLDs - user 
definable I/O coprocessors. The approach of 
increasing microprocessor performance by 
designing dedicated task coprocessors is 
now within the grasp of user definable single 
chip solutions. 
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An example of one of the least efficient 
structures realizable on the PLHS501 is 
shown in Figure 6. Here, a cascade of 12 
flip-flops are formed into a toggle chain that 
used all available NAND gates in the main 
logic array. In the PLHS501 simple cross- 
coupled latches or transparent D latches are 
preferred over edge triggered flip-flops simply 
because they conserve NAND gates. 
Applications for structures like this include 
timing generators, rate multiplication, etc. 
Rearranging Figure 6 as a 12-bit shifter, 
picking off states at the output terms could 
result in a general purpose sequence 
recognizer capable of recognizing binary 
string sequences. These strings could be up 
to 13 bits long (in a Mealy configuration) and 
24 distinct sequences could be sensed and 
detected. 

Figure 7 shows a 32 to 5-bit priority encoder. 
This sort of device could generate encoded 
vector interrupts for 32 contending devices. 

Of particular interest is the fact that ordinary 
encoders are not this wide. The designer is, 
of course, not constrained to generating 
combinational functions in even powers of 
two. Thus, the PLHS501 can easily perform 
customized functions like a 5 to 27 decoder 
or a 14 to 4 encoder or, even an 18 to 7 
multiplexor. For the sake of optimization, the 
designer is encouraged to implement 
precisely the function he needs, no more and 
no less! 

The design examples given are illustrative of 
some typical operations used in ordinary 
systems. In each case, the example could be 
thought of as simply an “off the shelf” 
standard solution to an every day problem 
(i.e„ a de facto standard product). 
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DEVELOPMENT SUPPORT 
SNAP 

Because the architecture encourages deep 
functional nesting, a new support tool has 
been developed. Synthesis, Netlist, Analysis 
and Program (SNAP) software defines a gate 
array type development environment. SNAP 
permits several forms of design capture 
(schematic, Boolean equations, state 
equations, etc.), a gate array simulator with 
back annotation, waveform display and a 
complete fault analyzer and final fusemap 
compilation and model extraction. SNAP 
comes with a library of cells, and designs 
may be captured independently of the 
ultimate device that will implement the 
design. This permits the designer to migrate 
his design among a family of PML devices 
just as gate array designs can be moved to 
larger foundations when they do not route on 
smaller ones. Figure 8 shows the SNAP user 
interface “Shell" which dictates one sequence 
of operations to complete a design. Other 
sequences may be used. 


The top portion of the shell depicts the paths 
available for design entry. Any design may be 
implemented in any one or a blend of all 
methods. For instance, a shift register might 
best be described schematically but a 
decoder by logic equations. These may be 
united with a multiplexor described by a text 
netlist as well. Ultimately, each form of input 
will be transformed to a function netlist and 
passed either to the simulation section or to 
the compiler section. Waveform entry is for 
simulation stimuli. 

The simulator portion of SNAP is a 5-State 
gate array simulator with full timing 
information, setup and hold time checking, 
toggle and fault grade analysis and the ability 
to display in a wide range of formats, any set 
of nodes within the design. This permits a 
designer to zoom in with a synthetic logic 
state analyzer and view the behavior of any 
point in the design. Simulations can occur 
with unit delays, estimations or exact delays. 
The sequence of operations depicted in 
Figure 8 is entirely arbitrary, as many other 
paths exist. 


It should be noted that the output of the 
“merger” block represents the composite 
design, but as yet is not associated to a PML 
device. This occurs in the compiler portion 
wherein association to the device occurs and 
a fusemap is compiled. This is analogous to 
placement and routing in a gate array 
environment. Because of the inter- 
connectibility of PML, this is not difficult. 

Once compiled, the exact assignment of pins, 
gates and flip-flops is known, so timing 
parameters may be associated and a new 
simulation model generated with exact 
detailed timing embedded. The design may 
be simulated very accurately at this point, 
and if correct, a part should be programmed. 

To facilitate future migration to workstations, 
SNAP has been written largely in C. The 
internal design representation is EDIF 
(Electronic Design Interchange Format) 
compatible which permits straightforward 
porting to many commercially viable 
environments. SNAP currently utilizes OrCAD 
for schematic entry with eminent availability 
of FutureNet™ DASH. 



Figure 8. SNAP Shell Design 


FutureNet and DASH are trademarks of DATA I/O 
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PLHS501 EXAMPLES USING 
SNAP 

• 8-bit barrel shifter 

• 12-bit comparator with dual 1 of 8 decoders 

• 8-bit carry look-ahead adder 

• 32 to 5 priority encoder 

• 4-bit synchronous counter 

• VME EPROM interface 

• MicroChannel interface 

• NuBus interface 

• Data bus parity generator 

• 16-bit comparator 

Following are example applications for the 
PLHS501 using SNAP. They should not be 
viewed as showing all possible capabilities of 
the device. They have been designed to 
demonstrate some of the PLHS501 features, 
syntax of SNAP, and to give the reader some 
ideas for possible circuit implementations. 

Note that these examples were written using 
SNAP Rev. 1 .90. Although Philips will try to 
keep succeeding versions of SNAP 
compatible, it may be necessary to change 
some syntax rules. Therefore, please refer to 
your SNAP manual for any notes on 
differences, if using a revision later than 
Rev. 1.90. 


8-BIT BARREL SHIFTER 

This 8-bit shifter will shift to the right, data 
applied to A7- A9 with the result appearing 
on OUT7 - OUTO. Data may be shifted by 1 
to 7 places by indicating the desired binary 
count on pins SHIFT2 - SHIFTO. Data 
applied to the OUTO position for a shift of 1 . 
For a shift of 0, A7 will appear on OUT7. 

Also included is a transparent latch for the 
output bits. The input 'COMPLMTO' will invert 
all output bits simultaneously and input /OE 
will 3-State all outputs. 

This design was done by using OrCAD’s SDT 
with SNAP. The top level drawing is shown in 
Figure 11. The PLHS501 has various output 
structures. For the best fit, it was necessary 
to alter the portion of the schematic 
connecting to pins 15-18 compared to pins 
37-40. This is shown in Figures 12 and 13. 
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Figure 11. Barrel Shifter Top Level Drawing 
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Figure 12. Portion of Shifter to Connect to NAND Output Pins 
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Figure 13. Portion of Shifter to Connect to AND Output Pins 
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************************************************************ 

* PLHS501 52-Pin PLCC Package Pin Layout * 

* Date: 10/15/93 Time: 17:44:04 * 

************************************************************ 

A A 

AAAI 1AABBBBBB 
4321010987654 

I I I I I I I |5|5|5|4|4|4| 
|7|6|5|4|3|2|1|2|1|0|9|8|7| 

+ + 

| IIIIII1XIIIII | 

| 1111111198765 | 

| 76543210 I 



[ 8 | VCC 

VCC 

|46] 


A5 

[ 9 | 118 

14 

1 45] 

B3 

A6 

[10 | 119 

13 | 

1 44] 

B2 

A7 

[11 |I20 

12 | 

|43] 

BIX 

A8 

[12 |I21 

11 

142] 

B10 

A9 

[13 |I22 

10 | 

141] 

B1 

BO 

[14 |I23 

/B3| 

140] 

CMPOOT 


[15 |B4 

/B2 | 

139] 

DA2 

ENCOMP 

[16 |B5 

/B1 1 

1 38] 

DAI 

DCDREN 

[17 |B6 

/B0 | 37] 

DAO 

RW 

[18 |B7 

X7| 

136] 

R7 

HO 

[19|O0 

X6 1 

135] 

R6 


[20 | GND 

GND | 

134] 



I / / / / I 

I oooooooxxxxxx I 

I 1234567012345 | 

+ 

|2|2|2|2|2|2|2|2|2|3|3|3|3| 

|1|2|3|4|5|6|7|8|9|0|1|2|3| 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

WWWWWWWRRRRRR 

1234567012345 


Figure 14. 12-Blt Comparator Pin List 


12-BIT COMPARATOR WITH 
DUAL 1-OF-8 DECODERS 

Two functions that are very often associated 
with controlling I/O parts are address 
comparison and address decoding. In this 
example, both functions are programmed into 
a PLHS501 using 52 out of the 72 foldback 
NAND terms. 

The comparator compares 1 2 bits on inputs 
All -A0 to inputs B11 - B0 when the input 
‘ENCMP’ is High. Output 'CMPOUT' will 
become Active-Low when all 12 bits of the A 
input match the B. Selection between the two 
decoders is done with input ‘R/W’. Only one 
output may be active (Low) at a time. 
Although currently separate functions, the 
decoder enable may be derived internally 
from ‘CMPOUT' freeing 2 bidirectional pins 
which together with available foldback NAND 
terms, may be used to incorporate a third 
function. 


-N 



W7-W0 


R7-R0 


Figure 15. 12-Bit Comparator with 
Dual 1-8 Decoders Block Diagram 
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"FILENAME 

CMP12BIT.EQN" 

" 


12-bit address comparator and dual 1 of 8 decoders" 

gPINLIST 


BO 

I 


B1 

I 


B2 

I 


B3 

I 


B4 

I 


B5 

I 


B6 

I 


B7 

I 


B8 

I 


B9 

I 


BIO 

I 


Bll 

I 


AO 

I 


AI 

I 


A2 

I 


A3 

I 


A4 

I 


A5 

I 


A6 

I 


A7 

I 


A8 

I 


A9 

I 


AlO 

I 


All 

I 


DAO 

I 


DAI 

I 


DA2 

I 


RW 

I 


DCDREN 

I 


ENCOMP 

I 


WO 

O 


W1 

o 


W2 

o 


W3 

o 


W4 

o 


W5 

o 


W6 

o 


W7 

0 


RO 

o 


R1 

0 


R2 

o 


R3 

o 


R4 

o 


R5 

o 


R6 

o 


R7 

0 


CMPOUT 

0 


g LOGIC EQUATION 

"COMMON 

PRODUCT TERM" 

ad0=/da2*y 

'dal*/ da0*dcdren ; 

adl=/da2*/ 

'dal* da0*dcdren; 

ad2=/da2* 

dal*/daO *dcdren ; 

ad3=/da2* 

dal* daO*dcdren; 

ad4= da2* 

'dal*/daO*dcdren; 

ad5= da2* 

'dal* daO*dcdren; 

ad6= da2* 

dal*/daO*dcdren; 

ad7= da2* 

dal* daO*dcdren; 



Figure 16. 12-Bit Comparator Boolean Equations (1 of 2) 
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"12-Bit Address Comparator" 

axbO = a0*/b0 + /a0*b0; 
axbl = al*/bl + /al*bl; 
axb2 = a2*/b2 + /a2*b2; 
axb3 = a3*/b3 + /a3*b3; 
axb4 = a4*/b4 + /a4*b4; 
axb5 = a5*/b5 + /a5*b5; 
axb6 = a6*/b6 + /a6*b6; 
axb7 = a7*/b7 + /a7*b7; 
axb8 = a8*/b8 + /a8*b8; 
axb9 = a9*/b9 + /a9*b9; 
axblO = al0*/bl0 + /al0*bl0; 
axbll = all*/bll + /all*bll; 

cmpout = / (/axb0*/axbl*/axb2*/axb3*/axb4*/axb5*/axb6*/axb7*/axb8*/axb9* 
/axblO*/axbll*encomp) ; 

"Dual 1 of 8 decoders 

da2-da0 are address inputs 
dcdren is an enable input 

- rw selects which group of 8 outputs r7-r0 or w7-w0 
will have the decoded active low output" 

w7 = / (ad7*/rw) ; 
w6 = / (ad6*/rw) ; 
wS = / (ad5*/rw) ; 
w4 = / (ad4*/rw) ; 
w3 = / (ad3*/rw) ; 
w2 = / (ad2*/rw) ; 
wl = / (adl*/rw) ; 
wO = / (ad0*/rw) ; 

r7 = / (ad7* rw) ; 
r6 = / (ad6* rw) ; 
r5 = /(ad5* rw) ; 
r4 = /(ad4* rw) ; 
r3 = / (ad3* rw) ; 
r2 = / (ad2* rw) ; 
rl = / (adl* rw) ; 
rO = / (adO* rw) ; 


Figure 16. 12-Bit Comparator Boolean Equations (2 of 2) 
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8-BIT CARRY LOOK-AHEAD 
ADDER 

This function may be used as part of an ALU 
design or simply to off-load a microprocessor. 
Figure 18 is a block diagram showing the 
individual components needed for each bit. 

A carry input (CO) is provided along with a 
carry output (C8). The result of an addition 
between the inputs A7 - AO and B7 - BO 
occurs on outputs SUM7 - SUMO. 


****** *****■*★★★★*■**★★*******★ ★*****★*■**★★★******★***★***★★*★ 

* PLHS501 5 2 -Pin PLCC Package Pin Layout 


* 

* Date: 10/15/93 Time: 17:50 

08 * 

************************************************************ 


A A A A A A A 




6 5 4 3 2 1 0 








1 1 1 1 1 1 1 |5|5|5|4|4|4| 




|7|6|5|4|3|2|1|2|1|0|9|8|7| 




+ 

+ 



| IIIIIIIIIIIII 

1 



| 1111111198765 

1 



| 76543210 

1 



[ 8 | VCC 

1 

VCC | 46] 


A7 

[ 9 | 118 

14 | 45] 


BO 

[10 | 119 

13 | 44] 

CO 

B1 

[11 | 120 

12 | 43] 

B7 

B2 

[12 | 121 

11 1 42] 

B6 

B3 

[13|I22 

10 | 41] 

B5 

B4 

[14)123 

/B3 | 40] 



[15 |B4 

/B2 | 39] 



[16 |B5 

/B1 | 38] 



[17|B6 

/B0 |37] 



[18 |B7 

X7 | 36] 

SUM7 

C8 

[19 |O0 

X6|35] 

SUM6 


[20 | GND 

GND | 34] 



1 / / / / 

1 



| oooooooxxxxxx 

1 



| 1234567012345 

1 



+ — — 

+ 



|2|2|2|2|2|2|2|2|2|3|3|3|3| 




|1|2|3|4|5|6|7|8|9|0|1|2|3| 








s s s s s s 




U 0 u u u u 




M M M M M M 




0 1 2 3 4 5 




Figure 17. 8-Bit Adder Pin List 




ITXJl, xjltxj 


t ~ r i r T~r tt 

G8 P8 G7 P7 G6 P6 GS PS 


n±x 

pi 


j± , 

I « 1 


i i 1 1 nil 
i ” i 


H L 


1± 


I i 




ADDEND 

AUGEND 


I 8 I L-i-J I 6 I l 5 I I 4 I 1 3 l I 2 I 1 1 J 


LEVEL-0 FUNCTIONS 


ft t~t * r * r 

G4 P4 G3 P3 G2 P2 Gl Pi 


iin 


GROUP 1 

JL 


■i 1 i-i. 1 i— i Jl level-i 

i G2' AUXILIARY 

1 FUNCTIONS 


T 


I C3 I I C2 I I Cl I CARRY 

I X- I I X I 1 , I INFORMATION 










■■n 









1 ^T 


NOTES: 

Gl ’ - G4 + P4 * G3 + P4 * P3 * G2 + P4 ‘ P3 " P2 * Gl ; 
PI’ » P4 * P3 * P2 * PI 

G2’ - G8 + P8 * G7 + P8 * P7 * G6 + P8 * P7 * P6 * G5; 
P2'-P8*P7*P6*P5 


Cl - Gl + P1 ' CO; 

C2 > G2 + P2 * Gl + P2 * PI * CO; 

C3 = G3 + P3 * G2 + P3 * P2 * Gl + P3 * P2 * PI ‘ CO; 

C4 = G1' + PI' * CO; 

C5 » G5+ P5‘G1’+P5*P1‘* CO; 

C6 . G6 + P6 ‘ G5 + P6 * P5 * Gl' + P6 * P5 * PI ' 1 CO; 

C7 * G7 + P7 * G6 + P7 * P6 * G5 + P7 * P6 * P5 * Gl ' +P7 * P6 * P5 * PI ' * CO; 
C8 - G2' + P2‘ ' GV + P2’ * PV * CO; 


Figure 18. 8-Bit Carry Look-Ahead Adder Block Diagram and Equations 
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"FILENAME: ADDR8BIT . EQN 

8 Bit Carry Look-Ahead Adder" 

8P INLIST 
AO I; 

A1 I; 

A2 I; 

A3 I; 

A4 I; 

A5 I; 

A6 I; 

A7 I; 

BO I; 

B1 I; 

B2 I; 

B3 I; 

B4 I; 

B5 I; 

B6 I; 

B7 I; 

CO I; 

C8 0; 

SUMO O; 

SUM1 O; 

SUM2 O; 

SUM3 O; 

SUM4 O; 

SUM5 O; 

SUM6 O; 

SUM7 O; 

6 LOGIC EQUATION 
"level-0 functions" 

gnl = / (aO*bO) ; 
pi = / (/ aO*/bO) ; 
gl = /gnl; 

gn2 = / (al*bl) ; 
p2 = / (/al*/bl) ; 
g2 = /gn2; 

gn3 = / (a2*b2) ; 
p3 = / (/a2*/b2) ; 
g3 = /gn3; 

gn4 = / (a3*b3) ; 
p4 = /(/a3*/b3); 
g4 = /gn4 ; 

gnS = / (a4*b4) ; 
p5 = / (/a4*/b4) ; 
g5 = /gn5 ; 

gn6 = / (a5*b5) ; 

P 6 = /(/a5*/b5); 
g6 = /gn6; 

gn7 = / (a6*b6) ; 
p7 = / (/a6*/b6) ; 
g7 = /gnl ; 

gn8 = / (a7*b7) ; 

P 8 = / {/ a7*/b7) ; 
g8 = /gn8; 

"level-1 functions" 

gl 1 = g4 + p4*g3 + p4*p3*g2 + p4*p3*p2*gl; 

g2_l = g8 + p8*g7 + p8*p7*g6 + p8*p7*p6*g5; 


Figure 19. 8-Bit Adder Boolean Equations (1 of 2) 


October 1993 


765 






Philips Semiconductors Programmable Logic Devices 


Application Note 


PLHS501 design examples 


AN 049 


"carry information" 

cl = gl 

+ pl*c0; 

c2 = g2 

+ p2*gl + p2*pl*c0; 

c3 = g3 

+ p3*g2 + p3*p2*gl + p3*p2*pl*c0; 

c4 = gl 1 

+ p4*p3*p2*pl*c0; 

c5 = g5 

+ p5*gl 1 + pS*p4*p3*p2*pl*cO; 

c6 = g6 

+ p6*g5 + p6*p5*gl 1 + p6*p5*p4*p3*p2*pl*c0 ; 

c7 = g7 

+ p7*g6 + p7*p6*gS + p7*p6*p5*gl 1 + p7*p6*p5*p4*p3*p2*pl*c0; 

c8 = g2_l 

+ p8*p7*p6*p5*gl 1 + p8*p7*p6*p5*p4*p3*p2*pl*c0; 

"addition 

functions" 

sumO = cO 

: + 

(pi * gnl) ; 

suml = cl 

: + 

( P 2 * gn2); 

sum2 = c2 

: + 

( P 3 * gn3); 

sum3 = c3 

: + 

(p4 * gn4) ; 

sum4 = c4 

: + 

(p5 * gn5) ; 

sum5 = c5 

: + 

(p6 * gn6) ; 

sum6 = c6 

: + 

(p7 * gn7) ; 

sum7 = c7 

: + 

(p8 * gn8) ; 



Figure 19. 8-Bit Adder Boolean Equations (2 of 2) 
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★*****★***★■*■★★★*****★*■**★*★****■*******★★★★★★★★★★★***★★***★★* 

* PLHS501 52-Pin PLCC Package Pin Layout * 

* Date: 10/15/93 Time: 17:58:06 * 

************************************************************ 

I I I I I I I IIII 
111113I3I2222 
5432110029876 

I I I I I I I |5|5|5|4|4|4| 
|7|6|5|4|3|2|1|2|1|0|9|8|7| 

+ + 

| IIIIIIII1IIII | 

| 1111111198765 | 

| 76543210 | 



[ 8 | VCC 

VCC 

1 46] 


116 

[ 9 | 118 

14 

1 45] 

125 

117 

[10 |I19 

13 

1 44] 

124 

118 

[11 |I20 

12 

1 43] 

123 

119 

[12 | 121 

11 

1 42] 

122 

11 

[13 |I22 

10 

1 41] 

121 

120 

[14 | 123 

/B3 

1 40] 

110 

13 

[15 |B4 

/B2 

1 39] 

19 

14 

[16 |B5 

/Bl| 

1 38] 

18 

15 

[17 |B6 

/BO 

1 37] 

17 

16 

[18 |B7 

X7 

1 36] 


A0 

[19 | OO 

X6 

1 35] 



[20 |GND 

GND 

1 34] 



I IIII I 

1 OOOOOOOXXXXXX | 

| 1234567012345 | 

-I (. 

|2 |2 | 2 | 2 | 2 | 2 |2 | 2 | 2 | 3 | 3 |3 | 3 | 
|1|2|3|4|5|6|7|8|9|0|1|2|3| 

A A A A EG 

1 2 3 4 OS 


Figure 20. Encoder Pin List 


32- to 5-BIT PRIORITY ENCODER 

This relatively simple example demonstrates 
the capability of the PLHS501 to be 
programmed with functions that are not 
available in 'standard' device libraries. The 
equations may look difficult at first glance. 
However, there is a pattern to the encoding. 
Referring to Figure 21 , Lab4 - Labi are 
terms that are common to several outputs 
(A4n - AOn). Separating them from the main 
equations allows a total reduction in the 
numbers of gates used. 


131-10 


32 to 5 
PRIORITY 
ENCODER 




A4-A0 

GSN 

ECN 


Figure 21. 32 to 5 Priority Encoder 
Block Diagram 
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"FILENAME 

ENCODER. EQN 


32 TO 5 PRIORITY ENCODER" 

8P INLIST 


10 

I; 

11 

I; 

12 

I; 

13 

I; 

14 

I; 

15 

I; 

16 

I; 

17 

I; 

18 

I; 

19 

I; 

110 

I; 

111 

I; 

112 

I; 

113 

I; 

114 

I; 

115 

I; 

116 

I; 

117 

I; 

118 

I; 

119 

I; 

120 

I; 

121 

I; 

122 

I; 

123 

I; 

124 

I; 

125 

I; 

126 

I; 

127 

i; 

128 

I; 

129 

I; 

130 

I; 

131 

I; 

AO 

O; 

A1 

0; 

A2 

o; 

A3 

O; 

A4 

o; 

GS 

o; 

EO 

O; 

8 LOGIC EQUATION 

"COMMON PRODUCT TERM" 

cptl = i26*i27*i28*i29*130*i31; 

cpt2 = 120*i21*122*i23*i24*i25; 

cpt3 = 114*il5*il6*il7*il8*il9; 

cpt4 = 18* 

19*il0*ill*il2*113 ; 

A0=/( /i31 

+/ i29*i30*131 

+/i27*i28*i29*130*i31 

+/i25*cptl 

+/ 123 

*i24*i25*cptl 

+/ i21*i22*123*i24*i25*cptl 

+/ H9*cpt2*cptl 

+/il7*118*119*cpt2*cptl 

+/115 

*il6*117*118*i9*cpt2*cptl 

+/ il3*cpt3*cpt2*cptl 

+/ Ill*il2*il3*cpt3*cpt2*cptl 

+/i9 

*il0*ill*il2*il3*cpt3*cpt2*cptl 

+/i7 

*cpt4*cpt3*cpt2 

+/i5 

*16*17*cpt4*cpt3*cpt2*cptl 

+/13 

*14*i5*i6*i7*cpt4*cpt3*cpt2*cptl 

+/11 

*12*i3*14*i5*i6*i7*cpt4*cpt3*cpt2*cptl) ; 

Al=/( /131 

+/ i30*i31 

+/127 

*i28*i29*i3 0*131 

+/ i26*i27*i28*129*i30*i31 


Figure 22. Encoder Boolean Equations (1 of 2) 
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+/i23*124*125*cptl 

+/122*123*124*i25*cptl 

+/119*cpt2*eptl 

+/118*119*cpt2*cptl 

+/115*il6*il7*il8*119*cpt2*cptl 

+/il4*115*il6*il7*il8*119*cpt2*cptl 

+/Ill*112*il3*cpt3*cpt2*cptl 

+/110*lll*il2*113*cpt3*cpt2*cptl 

+/17 *cpt4*cpt3*cpt2*cptl 

+/i6 *17*cpt4*cpt3*cpt2*cptl 

+/ 13 *14*i5*i6*i7*cpt4*cpt3*cpt2*cptl 

+/12 *13*i4*i5*i6*17*cpt4*cpt3*cpt2*cptl) ; 

A2=/( /i31 

+/ 130*131 

+/i29*i30*131 

+/ 128*129*130*131 

+/ 123*i24*125*cptl 

+/i22*i23*124*125*cptl 

+/121*i22*123*i24*i25*cptl 

+/i20*i21*i22*i23*i24*125*cptl 

+/ 115*il6*il7*il8*119*cpt2*cptl 

+/114*il5*il6*il7*118*il9*cpt2*cptl 

+/113*cpt3*cpt2*cptl 

+/112*113*cpt3*cpt2*cptl 

+/17 *cpt4*cpt3*cpt2*cptl 

+/16 *17*cpt4*cpt3*cpt2*cptl 

+/15 *16*17*cpt4*cpt3*cpt2*cptl 

+/i4 *15*16*17*cpt4*cpt3*cpt2*cptl) ; 

A3=/( /i31 

+/i30*131 

+/129*i3 0*131 

+/128*i29*i30*131 

+/i27*128*i2 9*130*131 

+/i26*i27*i28*i29*130*i31 

+/i25*cptl 

+/124*i25*cptl 

+/115*il6*il7*il8*119*cpt2*cptl 

+/ 114 *115*11 6*117 *118*11 9*cpt2*cptl 

+/H3*cpt3*cpt2*cptl 

+/ 112*113*cpt3*cpt2*cptl 

+/Ill*112*il3*cpt3*cpt2*cptl 

+/110*ill*il2*il3*cpt3*cpt2*cptl 

+/ 19 *110*ill*il2*113*cpt3*cpt2*cptl 

+/ 18 *i9*110*ill*il2*il3*cpt3*ept2*cptl) ; 

A4=/( /i31 

+/130*i31 

+/129*i30*131 

+/ 128 * 12 9 * 13 0*131 

+/ 127*128*129*130*131 

+/126*i27*i28*i29*130*i31 

+/125*cptl 

+/i24*i25*cptl 

+/123*124*125*cptl 

+/122*123*i24*i2S*cptl 

+/121*i22*i23*124*i25*cptl 

+/i20*i21*i22*123*i24*125*cptl 

+/119*cpt2*cptl 

+/118*119*cpt2*cptl 

+/ 117*118*il9*cpt2*cptl 

+/ 116*il7*il8*119*cpt2*cptl) ; 

eo = / (i0*il*i2*i3*i4*i5*i6*17 

*i8*i9*il0*ill*il2*il3*il4*115 
*116*117*118*119*120*121*122*123 
*124*125*cptl) ; 

gs = /eo; 


Figure 22. Encoder Boolean Equations (2 of 2) 
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4- BIT SYNCHRONOUS COUNTER 

This counter produces a binary count on 
outputs Count3 - CountO. Note the required 
reset (RST) input to initialize all of the 
flip-flops. The inputs for each flip-flop were 
first determined by drawing the desired output 
waveforms. Next, Karnaugh maps were used 
to reduce the number of terms and determine 
the logic equations for the input to each 
flip-flop. This technique could be used to 
construct a counter whose outputs produce 
some count other than binary. 

The simulation only consists of a reset, 
followed by a number of clocks to count from 
0 through 15 and back to 0. 


************************************************************ 

* PLHS501 52-Pin PLCC Package Pin Layout 

* 

* Date: 10/18/93 Time: 09:51:23 * 

************************************************************ 


R C 



S L 



T K 






| | | | | | | |5|5|5|4|4|4| 



|7|6|5|4|3|2|1|2|1|0|9|8|7| 



+ 

+ 


| IIIIIXIIXX1IX 

1 


| 1111111198765 

1 


| 76543210 

1 


1 

[ 8 | VCC 

1 

VCC | 46] 


[ 9 | 118 

14 |45] 


[10|X19 

13 | 44] 


[11 |I20 

12 | 43] 


[12|X21 

11 |42] 


[13 | 122 

10 | 41] 


[14|X23 

/B3 | 40] 

COUNTO 

[15 |B4 

/B2 | 39] 

COUNX1 

[16 |B5 

/B1 | 38] 

COUNT2 

[17 |B6 

/BO | 37 ] 

COUNT3 

[18 |B7 

X7 | 36] 

TC 

[19 | 00 

X6 | 35] 


[20 |GND 

GND | 34] 


i / / / / 

i 


| oooooooxxxxxx 

i 


| 1234567012345 

i 


+ — 

— + 


|2|2|2|2|2|2|2|2|2|3|3|3|3| 



|1|2|3|4|5|6|7[8|9|0|1|2|3| 






Figure 23. 4-Bit Counter Pin List 
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"4 bit synchronous counter" 

0P INLIST 
CLK I; 

RST I; 

COONTO O; 

COONT1 O; 

COUNT2 O; 

COUNT3 O; 

TC 0; 

8 LOGIC EQUATION 

"INPUTS FOR EACH FLIP-FLOP" 

DATA1 = ( (CQ1*CQN0) + (CQN1*CQ0) ) ; 

DATA2 = ( (CQ0*CQ1*CQN2) + (CQN0*CQ2) + (CQN1*CQ2) ) ; 

DATA3 = ( (CQN2*CQ3) + (CQN0*CQ3) + (CQ0*CQ1*CQ2*CQN3) + (CQN1*CQ3) ) ; 

"4 D-TYPE FLIP FLOPS CONNECTED AS A SYNCHRONOUS COUNTER" 

CSNO = / (CLK*RST* (/ (CSNO* (/ (CQNO*RST*CRNO) ) ) ) ) ; 

CRNO = / (CSNO*CLK* (/ (CQNO*RST*CRNO) ) ) ; 

CQO = / (CSNO*CQNO) ; 

CQNO = / (CRNO*CQO*RST) ; 

CSN1 = / (CLK*RST* (/ (CSN1* (/ (DATA1*RST*CRN1) ) ) ) ) ; 

CRN1 = / (CSN1*CLK* (/ (DATA1*RST*CRN1) ) ) ; 

CQ1 = / (CSN1*CQN1) ; 

CQN1 = / (CRN1*CQ1*RST) ; 

CSN2 = / (CLK*RST* (/ (CSN2* (/ (DATA2*RST*CRN2) ) ) ) ) ; 

CRN2 = / (CSN2*CLK* (/ (DATA2*RST*CRN2) ) ) ; 

CQ2 = / (CSN2*CQN2) ; 

CQN2 = / (CRN2*CQ2*RST) ; 

CSN3 = / (CLK*RST* (/ (CSN3* (/ (DATA3*RST*CRN3) ) ) ) ) ; 

CRN3 = / (CSN3*CLK* (/ (DATA3*RST*CRN3) ) ) ; 

CQ3 = / (CSN3*CQN3) ; 

CQN3 = / <CRN3*CQ3*RST) ; 

"Connection to output pins" 

count 0=cq0; 
count l=cql ; 
count 2=cq2; 
count 3=cq3 ; 

"TERMINAL COUNT PIN" 

TC= (CQ0*CQ1*CQ2*CQ3) ; 


Figure 24. 4-Blt Counter Boolean Equations 
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VME Bus EPROM Interface 

The idea for this VMEbus EPROM board 
came from WIRELESS WORLD CIRCUIT 
IDEAS, January, 1988. The implementation 
was done by a Philips’ FAE, John McNally. 

The board contains two banks of EPROMs. 
Each bank consists of either two 27128s or 
two 27256s; each of which can be enabled by 
comparing the address location fo the board. 
Decoding three other address bits selects 
which of the banks is accessed. A 4-bit shift 
register combined with four jumpers provide 
wait states. 

The circuit drawing was entered onto a PC 
using FutureNet DASH, a schematic capture 


package (Figures 25, 26, and 27). It was then 
converted to logic equations using SNAP 
(Figures 29 and 30) and then assembled into 
a PLHS501. 

This application, which originally needed 
eight ICs, used forty-four of the available 
seventy-two NAND Foldback Terms and forth 
of the available fifty-two pins. As the 
PLHS501 contains no registers, an 
edge-triggered D-type flip-flop was designed 
using NAND gates and this is used as a soft 
macro in order to implement the shift register 
function (Figure 27). 


As suggested in the original article, the circuit 
could be expanded to access up to eight 
ROM banks (Figure 28B). This was achieved 
by editing the logic equation file and adding 
extra equations (Figure 32). Modifying the 
drawing, although fairly easy to do, was not 
considered necessary as the object was to 
design with PML and not TTL. The expanded 
circuit would require another three TTL 1C 
packages, brining the total to eleven if done 
using TTL devices. The number of foldback 
terms increased to fifty-five, with the number 
of pins rising to fifty. Figure 28 shows the 
pinout of both versions. 



Figure 25. VME - EPROM Interface 
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Figure 26. Edge-Triggered D Flip-Flop (DFFS) 



Figure 27. 4-Bit Shifter (7495) 
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A. 2 ROM BANKS AS ORIGINAL CIRCUIT. 

REPLACES 8 PACKAGES - USES 46 FOLDBACK TERMS 



B. EXPANDED TO 8 ROM BANKS 

REPLACES 11 PACKAGES - USES 55 FOLDBACK TERMS 




21 22 23 24 25 28 27 28 132 33 



Figure 28. VMEEXP and FULLEXP 
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************************************************************ 


* PLHS501 52-Pin PLCC Package Pin Layout * 

* Date: 10/24/93 Time: 17:24:59 * 

************************************************************ 


A A A A A SSSSSSS 
21111A1112222 
0987657890123 

| | | It I I |5 |5 |5 | 4 | 4 | 4 | 
|7|6|5|4|3|2|1|2|1|0|9|8|7| 


III 
111 
6 5 4 


I I I I I 
9 8 7 6 5 



[ 8 | VCC 

VCC | 46] 


A21 

[ 9 | 118 

14 | 45] 

WAIT 

A22 

[10)119 

13 | 44] 


A23 

[111120 

12 | 43] 

CKBMZ 

DSO 

[12|I21 

III 42] 


DS1 

[13)122 

10 | 41] 


RWN 

[14 | 123 

/B3 | 40] 

RW 

QO 

[15 |B4 

/B2 | 39] 

DTACK 

Q1 

[16 |B5 

/B1 | 38] 

NDTACK 

Q2 

[17 |B6 

/BO | 37] 

MASEL 

Q3 

[18 |B7 

X7 | 36] 


ROMOLO 

[19|O0 

X6 | 35] 



[20 |GND 

GND | 34] 



/ 

OOO 
2 3 4 


X X X X X 
1 2 3 4 5 


|2|2|2|2|2|2|2|2|2|3|3|3|3| 

|1|2|3|4|5|6|7|8|9|0|1|2|3| 


R 

R 

R 

E 

E 

E 

0 

0 

O 

N 

N 

N 

H 

M 

M 

A 

D 

D 

0 

1 

1 

D 

A 

A 

H 

L 

H 

D 

T 

T 

1 

0 

1 


L 

H 





0 

I 


Figure 29. VMEEXP PLHS501 Pinlist 
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WAIT I; 

CKBMZ I; 

DS[1..0] I; 

RWN I; 

A5 I; 

A[16. .23] I; 

S [17 . .23] I; 

Q [0 . .3] O; ENDATLO O; 

ROMOLO O; ENDATHI O; 

ROMOHI 0; RW O; 

ROM1LO O; NOTACK O; 

ROM1HI O; DTACK 0; 

ENADD O; MASEL O; 

8 LOGIC EQUATIONS 

R03 = (/ (MASEL*S03*CKBMZ*D03) ) ; 

S03 = (/ (CKBMZ* (/ (S03*D03*MASEL) ) ) ) 
D03 = (/ (Q2*R03) ) ; 

R02 = (/ (MASEL*S02*CKBMZ*D02) ) ; 

S02 = (/ (CKBMZ* (/ (S02*D02*MASEL) ) ) ) 
D02 = (/ (QI*R02) ) ; 

R01 = (/ (MASEL*S01*CKBMZ*D01) ) ; 

SOI = (/ (CKBMZ* (/ (S01*D01*MASEL) ) ) ) , 
DOI = (/ (Q0*ROl) ) ; 

ROO = (/ (MASEL*SOO *CKBMZ *DOO ) ) ; 

SOO = (/ (CKBMZ* (/ ( SOO *DOO *MASEL) ) ) ) , 
DOO = (/ ( 0 *RO0 ) ) ; 

ROMOLO = (/DSO+ (/ ( / A1 6*MASEL) ) ) ; 
ROMOHI = (/DS1+ (/ (/A16*MASEL) ) ) ; 
ROM1LO = (/DSO+ (/ ( A16*MASEL) ) ) ; 
R0M1HI = (/DS1+ (/ ( A16*MASEL) ) ) ; 

QO = (/( (/(ROO*QO))*SOO* (MASEL))); 
Q1 = (/((/ (R01*QI) )*S01* (MASEL) )) ; 
Q2 = (/( (/ (R02*Q2) ) *S02* (MASEL))); 
Q3 = (/( (/(R03*Q3))*S03* (MASEL))); 

MASEL = / (/ (/ (/ ( (A17*S17+/A17*/S17) 
* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) 
* (A20*S20+/A20*/S20) 

* (A21*S21+/A21*/S21) 
* (A22*S22+/A22*/S22) 
* (A23*S23+/A23*/S23) 

* (AS) ) ) ) ) ; 

NDTACK = / ( (/ (MASEL+WAIT) ) *RWN) ; 

DTACK = /NDTACK; 

RW = / (RWN) ; 

ENADD = A5; 

ENDATLO = ( (RW+MASEL)+/DSO) ; 

ENDATHI = ( (RW+MASEL) +/DS1) ; 


Figure 30. VMEEXP PLHS501 .BEE File 
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************************************************************ 

* PLHS501 52-Pin PLCC Package Pin Layout * 

* Date: 10/24/93 Time: 16:42:18 * 

************************************************************ 


A A A A A SSSSSSS 
21111A1112222 
0987657890123 

I I I I I I I |5|5|5|4|4|4| 
|7|6|5|4(3|2|1|2|1|0|9|8|7| 

+ + 

| 1I1IIIIIIIIII | 

| 1111111198765 | 

| 76543210 I 

I i 



[ 8 | VCC 

VCC | 46] 


A21 

[ 9 |I18 

I4|45] 

WO 

A22 

[10 |I19 

I3|44] 

W1 

A23 

[11 |I20 

12 | 43] 

CKBHZ 

DSO 

[12 |I21 

III 42] 


DS1 

[13 | 122 

10 |41] 


RWN 

[14 |I23 

/B3 | 40] 

RW 

REG 

[15 |B4 

/B2 | 39] 

DTACK 

ENADD 

[16 |B5 

/Bl|38] 

HDTACK 

ENDATLO 

[17 |B6 

/BO |37] 

HASEL 

ENDATHI 

[18 |B7 

X7 | 36] 

ROM7HI 

ROMOLO 

[19|O0 

X6 | 35] 

R0M7L0 


[20 |GND 

GND | 34] 



I i 

I / / / / I 

| OOOOOOOXXXXXX | 

| 1234567012345 | 

+ + 

|2|2|2|2|2|2|2|2|2|3|3|3|3| 

|1|2|3|4|5|6|7|8|9|0|1|2|3| 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

RRRRRRRRRRRRR 

OOOOOOOOOOOOO 

MMMMHMMMHMMMM 

0112233445566 

HLHLHLHLHLHLH 

I0I0I0I0I0I0I 


Figure 31. FULLEXP Pinlist 
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6P INLIST 
CKBMZ I; 

DS [1 . . 0] I; 

RWN I; 

A5 I; 

A[16. .23] I; 

S [17 . . 23] I; 

W[1..0] I; 

ENDATLO O; 

ROMOLO O; ENDATHI O; 

ROMOHI O; RW O; 

ROM1LO O; NDTACK O; 

ROMXHI O; DTACK O; 

ENADD O; MASEL O; 

8GROOPS 

ADDR = A[18. .16] ; 

0 LOGIC EQUATIONS 

R03 = (/ (MASEL*S03*CKBMZ*D03) ) ; 

S03 = (/ (CKBMZ* (/ ( S03 *D03 *MASEL ) ) ) ) ; 

D03 = (/ (Q2*R03) ) ; 

R02 = (/ (MASEL*S02*CKBMZ*D02) ) ; 

S02 = (/ (CKBMZ* (/(S02*D02*MASEL) ))) ; 

D02 = (/ (Q1*R02) ) ; 

ROl = (/ (MASEL*S01*CKBMZ*D01) ) ; 

SOI = (/ (CKBMZ* (/ (S01*D01*MASEL) ) ) ) ; 

DOl = (/ (Q0*ROl) ) ; 

ROO = (/ (MASEL*SOO *CKBMZ *DOO ) ) ; 

SOO = (/ (CKBMZ* (/ (SOO*DOO*MASEL) ) ) ) ; 

DOO = (/ (0*RO0) ) ; 

ROMOLO = (/DS0+ (/ ( (addr == Oh) *MASEL) ) ) ; 

ROMOHI = (/DS1+ (/ ( (addr == Oh) *MASEL) ) ) ; 

ROM1LO = (/DS0+ (/ ( (addr == lh) *MASEL) ) ) ; 

ROM1HI = (/DS1+ (/ ( (addr == lh) *MASEL) ) ) ; 

ROM2LO = (/DS0+ (/ ( (addr == 2h) *MASEL) ) ) ; 

ROM2HI = (/DS1+ (/ ( (addr == 2h) * MASEL) ) ) ; 

ROM3LO = (/DS0+ (/ ( (addr == 3h) *MASEL) ) ) ; 

ROM3HI = (/DSl+(/ ( (addr == 3h) *MASEL) ) ) ; 

ROM4LO = (/DS0+(/ ( (addr == 4h) *MASEL) ) ) ; 

ROM4HI = (/DS1+ (/ ( (addr == 4h) *MASEL) ) ) ; 

ROM5LO = (/DS0+ (/ ( (addr == 5h) *MASEL) ) ) ; 

ROM5HI = (/DSl+(/< (addr == 5h) *MASEL) ) ) ; 

ROM6LO = (/DS0+ (/ ( (addr == 6h) *MASEL) ) ) ; 

ROM6HI = (/DS1+ (/ ( (addr == 6h) *MASEL) ) ) ; 

ROM7LO = (/DS0+(/( (addr == 7h) *MASEL) ) ) ; 

ROM7HI = (/DSl+(/ ((addr == 7h) *MASEL) ) ) ; 

QO = (/((/ (ROO*QO) ) *SOO* (MASEL) )) ; 

Q1 = (/( (/(R01*Q1) )*S01* (MASEL))); 

Q2 = (/ ( (/ (R02 *Q2 ) ) *S02* (MASEL) ) ) ; 

Q3 = (/( (/(R03*Q3))*S03* (MASEL))); 

MASEL = /(/ (/ (/ ( (A17*S17+/A17*/S17) 

* (A18*S18+/A18*/S18) 

* (A19*S19+/A19*/S19) 

* (A20*S20+/A20*/S20) 

* (A21*S21+/A21*/S21) 

* (A22*S22+/A22*/S22) 

* (A23*S23+/A23*/S23) 

* (AS) ) ) ) ) ; 

NDTACK = /((/(MASEL+/((/qO*wO*/wl)+(ql*wO*/wl)+(/q2*/wO*wl) 
+(/q3*w0*wl) ) ) ) *RWN) ; 

DTACK = /NDTACK; 

RW = / (RWN) ; 

ENADD = A5; 

ENDATLO = ( (RW+MASEL)+/DSO) ; 

ENDATHI = ( (RW+MASEL) +/DS1) ; 


Figure 32. FULLEXP PLHS501 .BEE File 
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MICRO CHANNEL INTERFACE 

IBM’s new Micro Channel Architecture (MCA) 
bus implements new features not found on 
the XT/AT bus. One new requirement for 
adapter designers is that of Programmable 
Option Select (POS) circuitry. It allows 
system software to configure each adapter 
card upon power on, thereby eliminating 
option select switches or jumpers on the main 
logic board and on adapter cards. 

Each adapter card slot has its own unique 
-CDSETUP signal routed to it. This allows 
the CPU to interrogate each card individually 
upon power up. By activating a card's 
-CDSETUP line along with appropriate 
address and control lines two unique 8 bit ID 
numbers are first read from the adapter. 
Based upon the ID number, the system then 
writes into the card’s option latches 
configuration information that has been 
stored in the system’s CMOS RAM. The CPU 
also activates POS latch address 102h bit 0, 
which is designated as a card enable bit. 

If a new card is added to the system, an 
auto-configuration utility will be invoked. Each 
adapter card has associated with it a 
standardized Adapter Description File with 
filename of @XXXX.ADF, where XXXX is the 
hex ID number of the card. The configuration 
utility prompts the user according to the text 


provided in the .ADF file and updates the 
card’s latches and the system’s CMOS RAM. 

IBM reserves 8 addresses for byte-wide POS 
latches, however, depending on the card's 
function, not all addresses need to be used. 

In addition, of those addresses that are used, 
only the bits used need to be latched. The 
first two addresses which are reserved for 
reading the ID bytes, and bit 0 of the third 
address, which is defined as a card enable 
bit, are mandatory. Some of the remaining 
bits of the third address are suggested by 
IBM to be used as inputs to an I/O or memory 
address comparator to provide for alternate 
card addresses. Many adapter cards will not 
use more than these three POS locations. 

The following example describes an 
implementation of POS circuitry realized in a 
PLHS501 . It uses only 56 of the possible 72 
internal foldback NAND gates and only a 
portion of the device pins, allowing additional 
circuitry to ba added. Figure 33 shows a 
block diagram of the circuit, and Figures 35 
and 36 are the SNAP files. Pins labeled 
DO0-DO7 must be connected externally to 
pins DIN0-DIN7. They also must be 
connected through a 74F245 transceiver to 
the Micro Channel. External transceiver 
direction and enable control is provided for by 


circuitry within the PLHS501 . The external 
transceiver may also be used by other 
devices on the adapter card. 

In this application, edge-triggered registers 
are not required and therefore should not be 
used, as transparent latches use fewer 
NAND gates to implement. Figure 34 shows 
the various latch circuits described by the 
SNAP equations. POS byte 2 was made 
using four of the /B device pins and four of 
the B pins. Notice however, from Figure 34(B) 
that the bits on the /B pins used the 
complement of the input pin, thereby 
implementing a non-inverting latch. Also, all 8 
bits of this byte were brought to output pins. If 
some of the bits are not used by external 
circuitry, then the specific bit latch may not be 
needed or may be constructed entirely from 
foldback NAND gates freeing additional pins. 

An external F521 may be added to provide 
for I/O address decoding. As the MCA bus 
requires all 16 bits of the I/O address to be 
decoded, 8 bits may be assigned to the F521 
and 8 bits to the 501 . Bit fields decoded in the 
501 may be done so in conjunction with bits 
from POS byte 2 to provide for alternate I/O 
addressing. Additionally, some of the 
available 501 outputs may be used as device 
enables for other devices on the card. 



Figure 33. Block Diagram of Basic POS Implementation in PLHS501 
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Figure 35. PLHS501 MCPOSREG Pinlist 
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Basic Programmable Option Select circuitry 
for a Micro Channel Adaptor card 


eP INLIST 




a [2 . .0] 

i; 

1I7..0] 

o; 

cmd 

i; 

do [7 . .0] 

o; 

setup 

i; 

bufen 

o; 

SB [1 . .0] 

i; 

iowb 

o; 

din [7. .0] 

i; 



adl 

i; 



mio 

i; 



rst 

i; 



0 LOGIC EQUATIONS 




readO = (nsetupl*/ssll*ss01*nmiol*/cmd*na21*/all*/a01) ; 
readl = (nsetupl*/ssll*ss01*nmiol*/cn>d*na21*/all* aOl); 
read2 = (nsetupl*/ssll*ss01*nraiol*/cmd*na21* all*/a01) ; 


b7hi = 0 
b6hi = 1 
b5hi = 1 
b4hi = 1 
b3hi = 1 
b2hi = 1 
blhi = 1 
bOhi = 0 

b71o = 1 
b61o = 1 
b51o = 1 
b41o = 1 
b31o = 1 
b21o = 1 
bllo = 1 
bOlo = 1 


Define high ID byte 
(POS byte #1) 

7E hex 


Define low ID byte 
(POS byte #0) 

FF hex 


7-Bit Input Latch for Control Signals 


nsetupl 

= 

/setup*/adl 

+ nsetupl*adl < 

nmiol 

= 

/mio 

*/adl 

+ 

nmiol 

*adl, 

ssll 

s 

ssl 

*/adl 

+ 

ssll 

*adl, 

ssOl 

= 

ssO 

*/adl 

+ 

ssOl 

*adl 

na21 

= 

/a2 

*/adl 

+ 

na21 

*adl 

all 

= 

al 

*/adl 

+ 

all 

*adl 

aOl 

= 

aO 

*/adl 

+ 

aOl 

*adl. 


" Option Select Octal Data Latch (POS byte #2) " 

" 10 is to be used as a card enable signal" 

nen = / (nsetupl*/ss01*ssll*nmiol*/cmd*na21*all*/a01) ; "write to latch" 


17 = / (/din7 * 
16 = / (/din6 * 
IS = /(/din5 * 
14 = /(/din4 * 
13 - /(/( din3 
12 = /(/( din2 
11 = /(/( dinl 
10 = /(/( dinO 


/nen) * /(/ 17 * 
/nen) * /(/16 * 
/non) * /(/IS * 
/nen) * /(/14 * 

* /nen * /rst) * 

* /nen * /rst) * 

* /nen * /rst) * 

* /nen * /rst) * 


nen) * (/rst) ; 
nen) * (/rst) ; 
nen) * (/rst) ; 
nen) * (/rst) ; 

/(13 * nen * /rst)); 
/ (12 * nen * /rst)), 
/(ll * nen * /rst)); 
/(10 * nen * /rst)), 


Figure 36. PLHS501 MCPOSREG .EQN File (1 of 2) 
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" Octal 3 to 1 Multiplexer " 

" This multiplexer selects between reading 
POS[0], POS[l] or POS [2] onto the data bus" 

ido7 = (b7hi*readl + b71o*read0 + 17*read2) ; 
ido6 - (b6hi*readl + b61o*read0 + 16*read2) ; 
idoS = (b5hi*readl + b51o*read0 4- 15*read2) ; 
ido4 - (b4hi*readl + b41o*read0 + 14*read2) ; 
ido3 = (b3hi*readl + b31o*read0 + 13*read2) ; 
ido2 = (b2hi*readl + b21o*read0 + 12*read2) ; 
idol = (blhi*readl + bllo*readO + ll*read2) ; 
idoO = (bOhi*readl + b01o*read0 + 10*read2) ; 

"3-State output control for do7-do0" 
do [7 . .0] = ido [7 . .0] ; 

do[7..0].oe = (nsetupl*/ssll*ss01*nmiol*/emd*na21*outen) ; 
outen =/ (all*a01) ; 

"External F245 transceiver control" 

iowb = / (na21 * nsetupl * nmiol * ssll * /ssOl) ; 
niow = /(na21 * nsetupl * nmiol * ssll * /ssOl) ; 
bufen = cmd * niow; 


Figure 36. PLHSS01 MCPOSREG .EQN File (2 of 2) 
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NuBus INTERFACE 

In Apple Computer’s book* “Designing Cards 
and Drivers for Macintosh II and Macintosh 
SE * an application was described for 
interfacing an 8-bit I/O controller to the 
NuBus. The controller used was a SCSI 
controller of the type used on the main 
Macintosh logic board. Seven devices (three 
of which were PAL architecture) were used 
as control circuitry interfacing the SCSI 
controller and two RAM chips to the bus. 

This example of using the PLHS501 shows a 
method of interfacing the same SCSI 
controller and RAM chips to the NuBus using 
only three parts. The adapter card schematic 
is shown in Figure 38, the SNAP pin listing is 
in Figure 42, and the SNAP .EQN listing is in 
Figure 43. Although the SNAP listing may 


seem confusing at first glance, the circuitry 
fused into the PLHS501 can be broken down 
into small blocks of latches, flip-flops, and 
schematically in Figures 40 and 41 . Circuit 
timing is shown in Figure 39. 

Referring to Figure 40 and Figure 41 , the 
circuitry starts a transaction by first detecting 
a valid address in either the slot or super slot 
range. The detection is accomplished by two 
wide-input NAND gates, and controlled by the 
/CLK signal. Following each NAND gate is an 
S-R latch to hold the signal until near the end 
of the cycle. The two S-R latch signals are 
combined into one signal named STO such 
that if either NAND gate output was low, then 
some delay time after the rising edge of 
/CLK, STO will go low. The next rising edge of 
/CLK will cause signal ST 1 to go low. This 


sets signal DE2 low, which is an input to an 
external flip-flop to cause ST2 to go low at 
the next rising /CLK edge terminating the 
cycle. An external flip-flop was necessary to 
achieve a high-speed /CLK to /IOR and /ACK 
transition. Also, an external FI25 buffer was 
added to meed the soon to be approved 
IEEE P1196 specification requirement of 
60mA Iol for signal /NMRQ and 24mA I 0 l for 
signals /TM0/TM1 and /ACK. Figure 41(B) 
shows an easily implemented latch which 
controls interrupts generated by the SCSI 
controller passing onto the bus. Upon 
/RESET the latch is put into a known state. 
Under software control, by writing to a 
decoded address, the latch may be set or 
reset, thereby gating or blocking the interrupt 
signals. 


r 
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Figure 37. Simplified NuBus™ Diagram 


* Designing Cards and Drivers for Macintosh II and Macintosh SE, Addison-Wesley Publishing Company, Inc. 1987. 
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************************************************************ 

* PLHS501 52-Pin PLCC Package Pin Layout * 

* Date: 10/24/93 Time: 13:03:39 * 

************************************************************ 
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"SCSI-NuBus Interface" 

0P INLIST 

nid[0. .3] i; 

d[7 . .0] i; 

a9 i; 

a[19. .18] i; 

nresetl i; 

nreset2 i; 

ntml i ; 

nacJc i; 

nstart i; 

nclk i; 

drq i; 

irq i; 

st2 i; 

e LOGIC EQUATION 

"Address Decode" 
cmpOa = (d0*/nid0+/d0*nid0) ; 
cropla = (dl*/nidl+/dl*nidl) ; 
cmp2a = (d2*/nid2+/d2*nid2) ; 
crop3a = (d3*/nid3+/d3*nid3) ; 
cmpOb = (d4*/nid0+/d4*nid0) ; 
crop lb = (d5*/nidl+/d5*nidl) ; 
cmp2b = (d6*/nid2+/d6*nid2) ; 
cmp3b = (d7*/nid3+/d7*nid3) ; 

nsl = / (d7*d6*d5*d4*crop0a*citpla*cnp2a*ciip3a*/n8tart*nack*/nclk) ; 
nsp = / (crop0b*cnplb*cnp2b*cnp3b*/nstart*nack*/nclk) ; 

"latch slot signal" 
nslt = / (nresetl*st2*/ (nsl*nslt) ) ; 

"latch super signal" 
nsup = / (nresetl*st2*/ (nsp*nsup) ) ; 

"Let nslt or nsup through only 
until after the rising edge 
of nclk" 

istO = / (/ (nslt*nsup*nclk) * /(st0*/nclk) * / (nslt*nsup*stO) * nresetl); 
stO = istO; 
stO.oe = 1; 

"Slot signal D-type Flip Flop" 

nslot.d = stO; 
nslot.clk = nclk; 
nslot.set = nreset2; 
nslot.rst = nslt; 

"Super signal D-type Flip Flop" 

nsuper.d = stO; 
nsuper.dk = nclk; 
nsuper.set - nreset2; 
nsuper.rst = nsup; 

"State 1 D-type Flip Flop" 

stl.d = stO; 
stl.clk = nclk; 
stl.set = nreset2; 

"output to external flop" 

de2 = /(/stl * st2) ; 

"address latch clock" 

adclk = /nclk*8t0*stl; 
aclk = /nclk*stO*stl; 

"latch tml signal for r/w info" 

troll. d = ntml; 
troll. set - nreset2; 
troll. elk = adclk; 
tmll.rst = nslt; 


Figure 43. SNAP .EQN U sting (1 of 2) 


nromes o; 
nrarocs o; 
nnmrg o; 
nresetb o; 
nscsi o; 

ndack o; 
niorr o; 
niow o; 
stO b; 
aclk o; 
de2 o; 
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tmll -> 1 read, 0 write 


niorr - / (/stO*tmll 
niow * / (/tmll*/stO 
necei * / (/nslot*/al9*/al8*/a9 
ndack =» / {/nslot*/al9*/al8* a9 
nromca* / (/nslot* al9* al8 
nraneix / (/nauper 
nresetb» nreset2; 


"straight decode stuff" 

* nresetl) ; 


nresetl) ; 
nresetl) ; 
nreset2) ; 
nreset2) ; 
nreset2) ; 


"interrupt control latch" 
setad - / (/tmll*/stO*/nslot* al9*/al8* a9) ; 
rstad - / </tmll*/stO*/nslot* al9*/al8*/a9) ; 
inten - / (setad* (/ (inten*rstad*nreset2) ) ) ; 
nnmrq « / ( inten *drq+inten*irq) ; 


Figure 43. SNAP .EQN Ustlng (1 of 2) 
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Data Bus Parity 

The PLHS501 can span 32 bits of input data. 
It has four output Ex-OR gates, and the ability 
to generate literally any function of the inputs. 
It would seem that there must be some “best” 
way to generate and detect parity. Recall that 
the PLHS501 can generate both deep logic 
functions (lots of levels) and wide logic 
functions (lots of inputs). The best solution 
would require the fewest gates and the 
fewest number of logic levels. Let’s review 
the basics, first. Table 1(A) shows the parity 
function for two variables and Table 1 (B) 
shows it for three variables. The Ex-OR 
function generates even parity. 

It is noticeable that there are precisely 50% 
logical 1 entries in the truth tables. This yields 
the famous checkerboard Karnaugh Maps. 
With a checkerboard K-map, no simplification 
of Ex-OR functions is possible by Boolean 
simplification. The two variable Ex-OR has 
two ones (implying 3 gates to generate), the 


3 variable has four ones (implying 5 gates to 
generate). In general, 2 rv ~ 1 +1 product terms 
could generate Ex-OR functions in two levels 
of NAND gates (assuming complementary 
input variables exist). You must have an 
unlimited number of gate inputs for this to 
hold. 

The PLHS501 could do this for 7 input 
variables in two levels (2®+1=65), but cannot 
support 8 (2 7 +1=129). Hence, it is 
appropriate to seek a cascaded solution, 
hopefully taking advantage of the available 
output Ex-OR functions. Let's solve a 16 
input Ex-OR function, by subpartitioning. 

First, consider Figure 44(A) where two literals 
are Exclusive-ORed to generate an 
intermediate Ex-OR function. This requires 
available complementary inputs and 
generates even parity in two levels. 

Figure 44(B) also does this (by factoring), 
requiring 3 gate levels, but does not require 
complementary inputs. 


Assuming inputs must get into the PLHS501 
through the pin receivers, it is best to 
generate as wide of an initial Ex-OR as 
possible, so a structure like Figure 44(A) 
expanded is appropriate. Figure 44 shows a 
2-level 4 input Ex-OR function which may be 
viewed as a building block. This structure 
may be repeated four times, across four sets 
of four input bits generating partial 
intermediate parity values which may then be 
treated through two boxes similar to 
Figure 44(B). These outputs are finally 
combined through an output Ex-OR at a 
PLHS501 output pin. Figure 46 shows the 
complete solution which requires 44 NANDs 
plus one Ex-OR. 

Figures 47 and 48 show the pin layout and 
SNAP equations for a parity generator. This 
example uses a cascade with a different 
partitioning than just previously discussed. 


Table 1. Even Parity Functions 
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Table 1(A). 
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Table 1(B). 
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Figure 47. PARITET PLHS501 Pinlist 
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: PARITET . EQH 
24 BIT PARITY CIRCDIT" 


@ LOGIC EQUATION 


"FIRST LEVEL: 'EVEN' FROM GROUPS OF THREE INPUTS" 


JO=/A*/B*/C + 
Jl=/D*/E*/F + 
J2=/G*/H*/I + 
J3=/J*/K*/L + 
J4=/M*/N*/0 + 
J5=/P*/Q*/R + 
J6=/S*/T*/0 + 
J7=/V*/X*/Y + 


+ A*/B*C 
+ D*/E*F 
+ G*/H*I 
+ J*/K*L 
+ M*/N*0 
+ P*/Q*R 
+ S*/T*U 
+ V*/X*Y 


+ A*B*/C 
+ D*E*/F 
+ G*H*/I 
+ J*K*/L 
+ M*N*/0 
+ P*Q*/R 
+ S*T*/U 
+ V*X*/Y 


"SECOND LEVEL: 'EVEN' FROM FOUR GROUPS AT A TIME" 
J8=/J0*/J1*/J2*/J3 + /J0*/J1*J2*J3 + J0*J1*/J2*/J3 + /J0*J1*J2*/J3 
+ J0*/J1*/J2*J3 + /J0*J1*/J2*J3 + J0*/J1*J2*/J3 + J0*J1*J2*J3; 
J9=/J4*/J5*/J6*/J7 + /J4*/JS*J6*J7 + J4*J5*/J6*/J7 + /J4*J5*J6*/J7 
+ J4*/J5*/J6*J7 + /J4*J5*/J6*J7 + J4*/J5*J6*/J7 + J4*J5*J6*J7; 

T0=/(J8*J9) ; 

Tl=/(/J8*/J9) ; 

T2=/(J8*/J9) ; 

T3=/(/J8*J9) ; 

ODDI=/(T2*T3) ; 

EVENI=/ (T0*T1) ; 

ODD=ODDI; 

EVEN=EVENI; 

ODD.OE = /OEN; 

EVEN . OE = /OEN; 

ODDjOCI = 0; 

EVEN_OCI = 0; 

ODD_OC=ODD_OCI ; 

EVEN_OC=EVEN_OCI ; 

ODD_OC . OE = T2*T3*/OEN; 

EVEN OC .OE = TO*T1*/OEN; 


Figure 48. PARITET PLHS501 .BEE File 
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16-Bit Comparator 

This example ‘compare', implements, a 
16-bit comparator over 32 input bits. The 
design generates outputs for conditions 
representing the classic 'EQUAL', “AGTB" 
(A>B) and BGTA (B>A). The long, 
trianguiarized equation for T42 suggests a 
clever editing approach to accurately enter a 
relatively long design equation into SNAP. 


************************************************************ 

* PLHS501 52-Pin PLCC Package Pin Layout 

* 

* Date: 10/24/93 Time: 14:54:43 * 

************************************************************ 
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| I I 1 1 1 1 |5|5|5|4|4|4| 



|7|6|5|4|3|2|1|2|1|0|9|8|7| 



+ 

+ 


| IIIIIIIIIIIII 

1 


I 1111111198765 

1 


| 76543210 

1 


1 

[ 8 | VCC 

1 

VCC 1 46] 

AF 

[ 9 | 118 

14 1 45] B4 

BB 

[10 |I19 

13 1 44] B3 

BC 

[11 |I20 
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AO 
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A1 
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A3 
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GND | 34] 


i / / / / 
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Figure 49. PLHS501 Plnlist for 16-Bit Comparator 
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"FILENAME : PARITET . EQN 

16 BIT COMPARATOR WITH THREE OUTPUTS: 
EQUAL, AGTB (A>B) , AND BGTA (B>A) " 

6P INLIST 


A[9 . .0] 

I; 



AA 

I; 

AD 

I, 

AB 

I; 

AE 

I, 

AC 

I; 

AF 

I, 

B [ 9 . .0] 

I; 



BA 

I; 

BD 

I, 

BB 

I; 

BE 

I, 

BC 

I; 

BF 

I, 

EQUAL 

0; 



AGTB 

O; 



BGTA 

0; 




0 LOGIC EQUATION 


Tl=/ (AF*/BF) ; 

T2=/ (/AF*BF) ; 

T3=/ (AE*/BE) ; 

T4=/ (/AE*BE) ; 

T5=/ (AD*/BD) ; 

T6=/ (/AD*BD) ; 

T7=/ (AC*/BC) ; 

T8=/ (/AC*BC) ; 

T9=/ (AB*/BB) ; 

T10=/(/AB*BB) ; 

Tll=/ (AA*/BA) ; 

T12=/ (/AA*BA) ; 

T13=/ (A9*/B9) ; 

T14=/ (/A9*B9) ; 

T15=/ (A8*/B8) ; 

T16=/ (/A8*B8) ; 

T17=/ (A7*/B7) ; 

T18=/(/A7*B7) ; 

T19=/ (A6*/B6) ; 

T20=/(/A6*B6) ; 

T21=/ (A5*/B5) ; 

T22=/(/A5*BS) ; 

T23=/(A4*/B4) ; 

T24=/(/A4*B4) ; 

T25=/(A3*/B3) ; 

T26=/ (/A3*B3) ; 

T27=/(A2*/B2) ; 

T28=/ (/A2*B2) ; 

T29=/(A1*/B2) ; 

T30=/(/Al*Bl) ; 

T31=/ (A0*/B0) ; 

T32=/ (/A0*B0) ; 

T41=T1*T2*T3*T4*T5*T6*T7*T8*T9*T10*T11*T12*T13*T14*T15*T16*T17* 


T18*T19*T20*T21*T22*T23*T24*T25*T26*T27*T28*T29*T30*T31*T32; 
T42= /T1+ 

/T3*T2+ 
/T5*T4*T2+ 
/T7*T6*T4*T2+ 
/T9*T8*T6*T4*T2+ 
/T11*T10*T8*T6*T4*T2+ 
/T13*T12*T10*T8*T6*T4*T2+ 
/T15*T14*T12*T10*T8*T6*T4*T2+ 
/T17*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T19*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T21*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T23*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T25*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T27*T26*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T29*T28*T26*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T31*T30*T28 *T26*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2; 

EQUAL=T41; 

AGTB=T42; 

BGTA=/ (T41+T42) ; 


Figure 50. Compare PLHS501 .BEE File 
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INTRODUCTION 

This application note describes how to 
implement expansion I/O ports for a 
microcontroller via the l 2 C bus using a Philips 
Semiconductors PML2552 programmable 
logic device. This design provides 24 
dedicated inputs and 16 outputs using only a 
single PML2552. Sixteen of the inputs may 
be configured on the bit level to be registered 
or direct inputs. The remaining eight are fixed 
as direct inputs. 


I 2 C BUS 

The l 2 C bus is a popular two-wire serial bus 
developed by Philips Semiconductors for 
communication between one or more 
microcontrollers and peripheral devices within 
a system. Although not as fast as parallel 
buses, it is designed to reduce packaging and 
board layout costs by requiring less wiring 
and fewer device pins to interconnect ICs or 
modules. Another feature is that additional 
circuitry may be easily plugged onto the two 
wires for testing or expansion purposes. 

A complete specification for the l 2 C bus may 
be found in Philips’ Microcontroller Data 
Handbook. A brief overview of the bus 
follows. 


CHARACTERISTICS OF THE l 2 C 
BUS 

The l 2 C bus provides 2-way, 2-line 
communication between different ICs or 
modules. The two lines are a serial data line 
(SDA) and a serial clock line (SCL). Both 
lines must be connected to a positive supply 
via a pull-up resistor when connected to the 
output stages of a device. Data may be 
initiated only when the bus is not busy. 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals 
(Figure 2). 

Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW 
transition of the data line, while the dock is 
HIGH is defined as the start condition (S). A 
LOW-to-HIGH transition of the data line while 
the dock is HIGH is defined as the stop 
condition (P). Figure 3 shows start and stop 
conditions. 

A device generating a message is a 
“transmitter”, a device receiving a message is 
the “receiver”. The device that controls the 
message is the “master” and the devices that 
are controlled by the master are “slaves”. 


Figure 4 shows a block diagram of a system 
configuration. 

The number of data bytes transferred 
between the start and the stop conditions 
from transmitter to receiver is not limited. 
Each byte of the eight bits is followed by one 
acknowledge bit. The master supplies the 
clock pulse for the acknowledge bit. An 
acknowledge is a LOW level on the SDA line 
during the acknowledge clock. Therefore the 
transmitter must leave the bus HIGH so the 
receiver may pull the SDA line LOW to 
acknowledge. 

A slave receiver which is addressed must 
generate an acknowledge after the reception 
of each byte (Figure 5) A master receiver 
must generate an acknowledge after the 
reception of each byte provided the master 
wants to continue receiving bytes. A master 
receiver must signal an end of data to the 
slave transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event the 
slave transmitter must leave the data line 
HIGH to enable to master to generate a stop 
condition ). 

Data transfers follow the formats shown in 
Figure 6. After the START condition, the 
master sends the slave address. This 
address is 7 bits long, the eighth bit is a data 
direction bit (R/W). A 'zero’ indicates a 
transmission (WRITE) and a ’one" indicates a 
request for data (READ). A master always 
terminates a data transfer by a STOP 
condition. However, if a master still wishes to 
communicate on the bus, it can generate 
another START condition and address 
another slave without first generating a STOP 
condition. Various combinations of read and 
write formats are possible within such a 
transfer. 

Each port in this design is assigned a unique 
address, so only 8 bits are available to or 
from each address. However, a master may 
read or write a port multiple times during the 
same message. During a read of a port 
(slave), if the master acknowledges the data, 
then the same port will put data on the bus 
again. When the master not-acknowledges 
the data, then the slave will release the bus 
so the master may generate a stop or 
another start condition. During a write, the 
master may simply continue to write data 
after the address. All data will go into and be 
acknowledged by the addressed slave output 
port. 


AN038 


PML2552 OVERVIEW 

A functional block diagram of the Philips 
PML2552 is shown is Figure 1 . The PML2552 
is a CMOS device built on an EPROM 
process. This device contains 1 6 bypassable 
input D flip-flops, 16 bypassable output D 
flip-flops, 20 internal JK flip-flops, and 96 
foldback NAND gates in a 68 pin package. 
The core of the PML2552 is a programmable 
array of 96 NAND gates and 20 buried JK 
flip-flops. The output of each NAND gate 
folds back upon itself and all other NAND 
gates and flip-flops. The Q and /Q output of 
each flip-flop folds back in a similar manner. 
All inputs (true and complement) also 
connect to each of the NAND gate and 
flip-flop inputs. Thus, total connectivity of all 
logic functions is achieved. 

A NAND operation is functionally complete 
meaning that using only NAND gates, AND, 
OR and INVERT operations may be realized. 
Any logic function may therefore be 
constructed from the NAND gates in the 
folded NAND array, from simple combinatorial 
logic to additional edge-triggered registers. 
Because the NAND gates have very wide 
inputs (258 possible input connections), some 
functions which require many logic levels 
using simple 2 or 4 input gates, may be 
’flattened’ or implemented in fewer delay 
inducing logic levels. 


I 2 C I/O PORT DESIGN 

Shown in Figure 7 is a block diagram of the 
l 2 C I/O port design for the PML2552. It is set 
up as an l 2 C slave device to provide three 8 
bit input ports and two 8 bit output registers. 
Addresses are programmed into the device 
and may be altered by changing 3 lines in the 
equations file. Two of the 8 bit input ports 
may be configured to be registered or direct 
inputs. These inputs are mapped to the 16 
input D flip-flops of the PML2552 which may 
be individually bypassed. The third 8 bit port 
uses 8 direct input pins. The dual 8 bit output 
registers are mapped to the 16 output D 
flip-flops. An external connection is 
necessary to clock the output D flip-flops. 

An 8-bit shift register was constructed from 8 
internal JK flip-flops. Addresses and data 
appearing on the l 2 C bus are clocked into this 
register. A state machine looks at this register 
for a valid address, and if appropriate, clocks 
the data following the address into the output 
registers. 
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In addition to the shift register the state 
machine also looks at a three bit counter 
output to determine when a specific bit or 
data bytes are available. Using a counter to 
mark time instead of adding states to the 
state machine can save device resources for 
other functions. A counter may be constucted 
very efficiently using JK flip-flops and this one 
uses a unique design which uses only three 
NAND gates in the PML2552 flip-flop clock 
array, none in the foldback NAND array! The 
state machine is built using 7 of the 
PML2552’s internal JK flip-flops. The state 
machine has an output, DSBLCNT, which 
holds the counter at zero for one clock cycle 
during the acknowledge bit time. DSBLCNT 
is also gated with a couple other signals to 
generate an acknowledge on the bus. 

Two signals are involved in reseting or 
initializing the state machine and counter. 
They are called START and BUSY. Their 
relative timing is shown in Figure 8. The 
derivation of these signals is described later, 
but for now note that the counter and state 
machine are reset whenever START is HIGH 
or BUSY is low. START and BUSY are 
generated from a circuit which detects the l 2 C 
bus start and stop conditions. If an address 
is placed on the l 2 C bus that does not match 
one programmed into the device, the state 
machine will go into a state which can only be 
exited by the START or BUSY signals 
resetting the state machine. Also, if a bus 
master issues a repeated start condition, 
START will go HIGH initializing the state 
machine to begin looking for an address 
match. 

Instead of loading the input register data into 
a shift register, a 24 to 1 multiplexer, along 
with the counter, select the proper input bit to 
send out onto the l 2 C bus. An additional 
flip-flop (U 1 1 ) inside of the interface logic 
synchronizes the data to the l 2 C clock, SCL. 
The multiplexer inputs are offset in relation to 
the counter value. It was necessary to offset 
the bits relative to the counter due to the one 
bit delay introduced by U11 and DSBLCNT 
holding the counter at zero for one bit time. 

U 1 1 ’s output connects to another flop-flop 
called U10. U10 holds the data (port data or 
acknowledge bit) to be sent to the master 
device for one data bit time. The l 2 C data 
must change only when the SCL clock is 
LOW. The falling edge of SCL may be up to 


300ns long. For this reason, U10 is clocked 
by a delayed falling edge of SCL. The delay 
is created by a bidirectional output pin 
(DLYOUT) and an external RC network. Pin 
DLYOUT is configured to operate like an 
open-collector output. The input to DLYOUT’s 
output buffer is connected to ground. The 
SCL input is internally connected to the three 
state output enable control line of this output 
buffer. DLYOUT should be externally 
connected to a 1 0K pull-up resistor and a 
33pF capacitor connected to ground. An input 
buffer is internally connected to DLYOUT and 
clocks U10. UlO's output controls the 3-State 
control line of output SDA. Output SDA 
behaves like an open-collector as the input to 
the 3-State output buffer is connected to 
ground. 

Detecting valid l 2 C start and stop conditions 
was done without using internal flip-flops. 
Instead, an asychronous state machine was 
designed to output a pulse during start 
conditions and hold a line (busy) high until a 
stop condition. The start pulse initializes 
(resets) the state machine and counter. 


START/STOP DETECTION 
DETAILS 

The waveforms produced by the detection 
circuitry are shown in Figure 8. The first step 
to achive these waveforms is to draw 
waveforms of the desired circuit operation 
showing all possible input transitions. First, 
let's start with the START signal waveforms. 
These timing waveforms are shown in 
Figure 9a. 

Next, a primitive flow table should be 
constructed. A primitive flow table has only a 
single stable state on each row. It is shown in 
Figure 9b. From the primitive flow table, a 
reduced flow table can be constructed by 
merging rows. Two rows may be merged, if, 
when comparing each column entry, they are 
the same or at least one is a Don’t Care. 
Merging of rows may be described by a 
merger diagram. For this case one is shown 
in Figure 9c. So, from the primitive diagram, 
rows with stable states 0,1 and 2 are 
combined. Also, rows with stable states 6 and 
3 are combined. 

The merged flow table (Figure 9d) has two 
rows so only one state variable (Yo) is 


required. The output matrix table is shown in 
Figure 9e. It was generated by simply 
assigning the output value associated with 
each stable state. Unstable entries were 
assigned the output value associated with the 
corresponding stable state. 

A table showing the next state value for Yo is 
shown in Figure 9f. It was generated by 
noting which states should remain stable and 
what value Y must be to either enter or 
remain in that state. 

Generation of the BUSY signal required two 
state variables as shown in Figure 10. Tables 
were constructed in a manner similar to the 
process described above. However when 
transitioning from unstable state 1 to stable 
state 1 (see reduced flow table, stable state 1 
is circled) an intermediate state was added. 
This was done to avoid switching the two 
transition variables, yl & yO, from 00 to 11 
simultaneously. Adding the intermediate state 
makes the variables change from 00 to 10 to 
11 . Additionally, an extra state was added to 
transistion from unstable state 3 to stable 
state 3. 

Waveforms for bus transations along with 
some internal signals are shown in Figures 11 
and 12. The SNAP listing is shown in Figure 
14. 


CONCLUSION 

PLDs may be used in embedded systems for 
more than simple decoding and glue logic 
collection functions. This design combined 
several low level functions (counter, shift 
register, state machine, random logic) to 
produce a useful microcontroller peripheral 
using one programmable logic device. This 
design may be easily altered to provide for 
specific system requirements. It has already 
been altered to make a simple l 2 C bus 
activity monitor which is the subject of 
another application note (AN039)! 

A breadboard of this circuit was constructed 
for functional testing purposes. A listing for 
the design is shown in Figure 14. Additional 
circuit details are written as comments in the 
listing. A copy may be downloaded from the 
Philips PLD and Microcontroller Bulletin 
Board. The phone number is (800) 451-6644 
or (408) 991-2406. Use a modem set to 8 
bits, no parity and one stop bit. 
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SDA 
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SCL 
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s | ' ' ■ p ; 

Start Condition Stop Condition 

Figure 3. Definition of Start and Stop Conditions 



SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


clock pulse for 
acknowledgement 


DATA OUTPUT 
BY RECEIVER 


Figure 5. Acknowledgement on the l 2 C-Bus 
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Possible data transfer formats are: 

a. Master transmitter to slave receiver. Direction is not changed. 


acknowledge from slave 


S SLAVE ADDRESS R/W 


DATA 1 

FROM MASTER 


DATAn 

FROM MASTER 


data transferred 
(n bytes + acknowledge) 


A = acknowledge 
S = start 
P = stop 


b. Master reads slave immediately after first byte. 


acknowledge from slave acknowledge from master not acknowledge from master 

to end transmission 


S SLAVE ADDRESS 


DATA 1 
FROM SLAVE 


DATAn 
FROM SLAVE 


c. Combined format. 


data transferred 
(n bytes + acknowledge) 


acknowledge from slave 


acknowledge from slave 


SLAVE ADDRESS R/W 


I (n bytes | 


r write +,ck -> 


SLAVE ADDRESS R/W 


1 (n bytes 


direction of transfer may 
change at this point 


During a change of direction within a transfer, the START condition and the slave address are both repeated, but the R/W 
bit reversed. Start, stop, slave addresses and R/W bits are generated by the master. 


Figure 6. Data formats of the l 2 C-Bus 
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9a. Waveforms with Assigned State Values 



y 0 = C + Dy 0 

9f. Transition Matrix 


Figure 9. START Equation Generation 
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Figure 12. Transmit Data Timing 
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Figure 13. Pin Layout with External Connections 
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* 

I2C I/O Ports 

This design is for a FML2552 device . Zt configures the PML2552 

to operate as several Z2C slave remote I/O ports. It provides 

for IS parallel output lines and 24 inputs. Specifically, the 

I/O ports are arranged as two 8-bit output ports, two 8-bit input 

ports (which may be modified on the bit level to be registered 

or direct inputs), and one 8-bit direct input port. The two 8-bit 

output ports will power-up to a HIGH level on the device pins. 

SNAP 1.90 or later must be used to compile this file. 

8P INLIST 


"input pins" 


scl i ; 

"I2C clock" 

reset i; 

"reset input is active LOW" 

p4 [7 . .0] i; 

"port 4" 

p3 [ 7 . . 0 ] i; 

"port 3" 

ck3 i; 

"clock for port 3" 

ek4 i; 

"clock for port 4" 

wplc i; 

"connect pin to wpl pin" 

wp2c i; 

"connect pin to wp2 pin" 

i[7..0] i; 

"port 5" 

"output pins 

- 

sda b; 

"I2C data" 

start b; 

"pulse during start condition" 

busy b; 

"bus busy - high from start to stop" 1 

own o; 

"address compare" 

wpl o; 

"connect pin to wplc pin" 

wp2 o; 

"connect pin to wp2c pin" 

dlyio b; 

"connect pin to 10K pullup and 33pf cap to gnd" 

p2 [0 . .7] o; 

"port 2" 

pi [ 0 . . 7 ] o; 

"port 1" i 

8 GROUPS 


adr = sr [ 6 

..0]; 

cx = c[2 . 

■ 0]; 

ct = c [2 . 

0]; 

ports = i [7 . 

0] ; "direct inputs" 

port4 = p4 [7 

.0]; "registered or direct inputs" 

port 3 = p3 [7 

.0]; "registered or direct inputs" 

port2 = p2 (7 

.0]; "outputs" 

portl = pi [7 

.0]; "outputs" 

6 TRUTH TABLE 


8 LOGIC EQUATIONS 

" Input registers " 

d[15. .8] .id 

= port 4; 

d[15 . .8] .elk 

= ck4; 

d[7. .0] .id 

= port 3; 

d[7 . .0] .elk 

= ck3; 

The breadboard doesn't use input registers 

so the above 

section is commented out and 

the following section used. 


Figure 14. (1 of 5) 
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" Input pins " 


d[15. .8] = port4; 
d [7 . . 0] = port3; 

di[7. .0] = port5; 


" Output registers " 


port2.od = sr[7..0J; 
port2.dk = wp2c; 
portl.od = sr[7..0]; 
port 1. elk = wplc; 


" Shift register equations " 


u2.clk = scl; 
u3.elk = scl; 
u4.clk = scl; 
u5.clk = scl; 
u6.clk = scl; 
u7.clk = scl; 
u8.clk = scl; 
u9 . elk = scl ; 

u2.set = /(start + /busy); 

u3.set = /(start + /busy); 

u4.set = /(start + /busy); 

u5.set = /(start + /busy); 

u6.set = /(start + /busy); 

u7.set = /(start + /busy); 

u8.set = /(start + /busy) ; 

u9.rst = /(start + /busy); 

u2.j = sda; 

u2.k = /sda; 

u3.j = u2; 

u3.k = /u2; 

u4 . j = u3 ; 

u4.k = /u3; 

u5 . j = u4 ; 

uS.k = /u4; 

u6.j = u5; 

u6.k = /u5; 

u7.j = u6; 

u7.k = /u6; 

u8 . j = u7; 

u8.k = /u7; 

u9 . j = u8; 

u9.k = /u8 ; 

sr [0 . .7] = u (2 . .9]; 


Counter section " 


c2.] = 1; "3-bit binary counter" 

c2.k = 1; "outputs connected to state machine" 

cl.j = 1; "and to multiplexer " 

cl.k = 1; 

cO . j = 1; 

cO.k = 1; 

Figure 14. (2 of 5) 


"8 bit shift register for input" 

"of I2C address and data" 

"the state machine reads this register" 
"for address comparison and clocks" 

"data from this register into" 

"appropriate output register" 

"this register is clocked by the I2C" 

"bus clock" 

"reset or set signals defined so SNAP" 
"will use specific internal JK flip-flops" 
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cO . rst 

= /(/busy + start); 


cl . rst 

= /(/busy + start); 


c2 . rst 

= /(/busy + start); 


cO . elk 

= / (/dsblcnt * /scl) ; 

"counter uses NAND gates" 

cl . elk 

= / (/dsblcnt * /scl * cO) ; 

"in clock NAND array, not" 

c2 . elk 

= /(/dsblcnt * /scl * cO * cl); 

"from the foldback array" 

" " 

" Multiplexer equations " 


uuuOOT 


"convert parallel input data" 


(D6*OWNl*/OWN2*CT==OH*/dsblcnt) 

"to serial format" 

+ 

(D5*OWNl*/OWN2*CT==lH*/dsblcnt) 


+ 

(D4*OWNl*/OWN2*CT==2H* /dsblcnt) 


+ 

(D3*OWNl*/OWN2*CT==3H*/dsblcnt) 

"port 3" 

+ 

(D2*OWNl*/OWN2*CT==4H*/dsblcnt) 


+ 

(Dl*OWNl*/OWN2*CT==5H*/dsblcnt) 


+ 

(DO*OWN1*/OWN2*CT==6H*/ dsblcnt) 


+ 

(D7*OWNl*/OWN2* dsblcnt) 


+ 

(D14*OWN2*/OWNl*CT==OH*/dsblcnt) 


+ 

(D13*OWN2*/OWNl*CT==lH*/dsblcnt) 

"port 4" 

+ 

(D12*OWN2*/OWNl*CT=2H*/dsblcnt) 


+ 

(Dll*OWN2*/OWNl*CT==3H*/dsblcnt) 


+ 

(D10*OWN2*/OWNl*CT==4H*/dsblcnt) 


+ 

(D9 *OWN2*/OWNl*CT==5H*/dsblcnt) 


+ 

(D8 *OWN2*/OWNl*CT==6H*/dsblcnt) 


+ 

(D15*OWN2*/OWNl* dsblcnt) 


+ 

(di6*OWNl*OWN2*CT==OH*/dsblcnt) 


+ 

(di5*OWNl*OWN2*CT==lH*/dsblcnt) 

"port 5" 

+ 

(di4*OWNl*OWN2*CT==2H*/dsblcnt) 


+ 

<di3*OWNl*OWN2*CT==3H*/dsblcnt) 


+ 

( di 2 *OWN 1 *OWN 2 *CT== 4H*/dsblcnt) 


+ 

(dil*OWNl*OWN2*CT==5H*/dsblcnt) 


+ 

(diO*OWNl*OHN2 *CT==6H*/ dsblcnt) 


+ 

(di7*OWNl*OWN2* dsblcnt) ; 


" Detect I2C start £ stop conditions " 


uuuy 

= /scl + uuuy*/sda; 

"start condition pulse" 

uuustart = /uuuy*/sda*scl; 


start 

= uuustart; 


start . 

oe = 1; 




"bus busy signal is HIGH" 

uuuyO 

= uuuyl*/sda + uuuyl*/scl 

"from start to stop" 


+ /sda*/scl + /uuuyl*uuuyO*sda 

"conditions" 


+ uuuy0*/scl + /reset; 


uuuyl 

= uuuyl*uuuyO + uuuyl*/scl 



+ /uuuyO*sda*/scl + uuuyl*/sda + 

/reset; 

uuubusy = /uuuyl*uuuyO + /uuuyl*/sda; 


busy 

= uuubusy; 


busy . oe = 1 ; 



Figure 

14. (3 oi 5) 
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" Output control " 


sda = 0; "I2C data" 

sda . oe = ulO ; 

ulOin = /dtw * dsblcnt * own "send ACK on bus" 

+ dtw * /dsblcnt * own * /ull; "send data on bus" 
ulO.j = ulOin; 

ulO.k = /ulOin; "ulO holds data stable on bus" 

ulO.clk = dlyio; 

ulO.rst = /(start + /busy); 

ull. j = uuuout; "ull synchronizes input data to I2C clock" 

ull.k = /uuuout; 

ull. elk = scl; 

ull.rst = /(start + /busy); 

dlyio =0; "pin dlyio should be connected to a 10K" 

dlyio. oe = scl; "pull-up and a 33pf cap to ground" 


" State machine portion " 


"port address declarations" 

"these addresses may be changed to" 

"any valid X2C address" 

adrpl = adr=0111000b; "this address is for portl (write) £ port3 (read) " 

adrp2 = adr=0111010b; "this address is for port2 (write) £ port4 (read)" 

adrp5 = adr=0111011b; "this address is to read pins 10 to 17" 

state2i = S2*/S1*S0; "duplication of some state machine" 

state4i = /S2* S1*S0; "states to be used in following" 

state6i = /S2*/S1*S0; "boolean equation" 

dsblcnt = state2i+state4i+state6i; "dsblcnt HIGH when in state 2,4 or 6" 

s2.set = /(start + /busy); "reset state machine upon start" 

si. set = /(start + /busy); "condition and whenever bus is " 

sO.set = /(start + /busy); "not busy (stop detected). " 

ownl.rst = /(start + /busy) ; 

own2.rst = /(start + /busy); "ownl £ own2 denote address match" 

dtw.rst = /(start + /busy); "write to I2C bus (read port)" 

dtr.rst = /(start + /busy); "read I2C bus (write port)" 

s2.clk = scl; 

si. elk = scl; "clock state machine from I2C clock" 

sO.clk = scl; 

ownl. elk = scl; 

own2.clk = scl; 

dtw. elk = scl; 

dtr.clk = scl; 

cntr7 = cx=7h; "state machine reads counter to" 

cntr6 = cx==6h; "wait for specific bits" 

wp = dtr * dsblcnt * ulO; 
wp2 = wp * own2; 
wpl = wp * ownl; 
own = ownl + own2; 


Figure 14. (4 of 5) 


"wp2 and wpl clock data from shift register" 
"into proper output port, external connection" 
"from wpl to wplc and wp2 to wp2c is required" 
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6 INPUT VECTORS 
80UTPUT VECTORS 
[dtw, ownl , own2 ] JKFFR 
low = 000b; 

[dtr] JKFFR 
dtrl = Ob; 
dtrh = lb; 


gSTATE VECTORS 
[s2,sl,s0] JEFFS 
stateO = 111b; 
statel = 110b; 
sfcate2 = 101b; 
state3 = 100b; 
state4 = 011b; 
state5 = 010b; 
state6 = 001b; 
state7 = 000b; 


"bus start or stop condition required to leave state7" 


g TRANSITIONS 


while [stateO] 
if [cntr6] then [statel] 


"start detected, " 
"wait for address" 


while [statel] 

if [adrpl* sda] then [state4] with [ownl] 

if [adrp2* sda] then [state4] with [own2] 

if [adrp5* sda] then [state4] with [ownl,own2] 

if [adrpl*/sda] then [state2] with [ownl] 

if [adrp2*/sda] then [state2] with [own2] 

if [/adrpl*/adrp2*/adrp5] then [state7] 
if [adrp5*/ sda] then [state7] 


"compare address £ r/w bit" 
"addressed port 3 to read" 
"addressed port 4 to read" 
"addressed port 5 to read" 
"addressed port 1 to write" 
"addressed port 2 to write" 
"no address compare" 

"ignore port 5 for write" 


while [state2] 
if [] then [state3] 


"write port" 


while [state3] 

if [cntr7] then [state2] with [dtrh] 


"wait for 7 bits" 


while [state4] 

if [] then [state5] with [dtw] 


"read port" 


while [state5] 
if [cntr7] then [state6] 


"wait for 7 bits" 


while [state 6] 
if [/sda] then [state5] 


"master acknowledged so send byte again" 


if [ sda] then [state7] with [low] "master not-acknowedged so release bus" 


Figure 14. (5 of 5) 


October 1993 


812 






Philips Semiconductors Programmable Logic Devices 


Application Note 


l 2 C bus monitor 


AN039 


INTRODUCTION 

The PML2552 device may be used to build a 
simple real time non-intrusive l 2 C bus 
monitor. This monitor displays all addresses 
and data sent on the bus as well as 
acknowledge and read/write bit conditions. It 
also outputs START and BUSY signals which 
may be used for synchronizing additional test 
equipment to the bus. The outputs of this 
monitor may be connected to a 
microcontroller for additional data formatting 
capabilities. 

A block diagram of this design is shown in 
Figure 1 . This design is a modification of an 
l 2 C I/O port application using the PML2552. 
The input registers and multiplexor functions 
were removed from the l 2 C I/O port and the 
control state machine was modified to latch 
all addresses and data bytes acknowledged 
on the bus. Additionally, since the monitor 
does not drive the l 2 C bus, the circuitry in the 
I/O port application that generated 
acknowledge bits during a read was also 
removed. Two signals, START and BUSY are 
generated by an asynchronous state 
machine. For detailed information on the 
derivation of these signals, the reader should 
refer to the PML2552 l 2 C I/O port application 
note (AN038). 


SHIFT REGISTER 

Referring to Figure 1 and Figure 3, an 8-bit 
shift register was constructed from 8 internal 
JK flip-flops. Addresses and data appearing 
on the l 2 C bus are clocked into this register. 
A state machine looks at this register, and 
clocks the byte into the appropriate output 
register for address or data display. The byte 
will only be clocked into an output register if 
an acknowledge of the address or data 
occurred. 

In addition to the shift register the state 
machine also looks at a three bit counter 
output to determine when a specific bit or 
data bytes are available. Using a counter to 
mark time instead of adding states to the 


state machine can save device resources for 
other functions. A counter may be 
constructed very efficiently using JK flip-flops 
and this one uses a unique design which 
uses only three NAND gates in the PML2552 
flip-flop clock array, none in the foldback 
NAND array! The state machine is built using 
7 of the PML2552's internal JK flip-flops. The 
state machine has an output, DSBLCNT, 
which holds the counter at zero for one clock 
cycle during the acknowledge bit time. 
DSBLCNT is also gated with a couple other 
signals to generate the clock pulse that 
updates the output registers. 

Two signals are involved in resetting or 
initializing the state machine and counter. 
They are called START and BUSY. These 
signals are generated from a circuit which 
detects the l 2 C bus start and stop conditions. 
Refer to Figure 2 to see the relative timing of 
these signals. If a bus master issues a 
repeated start condition, START will go HIGH 
initializing the state machine to begin looking 
for an address match. 


STATE MACHINE DETAILS 

After the BUSY line goes HIGH, the state 
machine will be in state 0. It simply waits in 
this state until the counter counts to six. The 
shift register should now contain the address 
sent on the bus. 

Upon the next l 2 C clock, the state machine to 
transitions to state 1. When the next l 2 C 
clock occurs, the RW bit status will be 
transferred to a register and an output pin. In 
addition, the RW bitwill also be shifted into 
the shift register to be displayed along with 
the address when the shift register is clocked 
into the address display output port. The 
state machine will transition to state 2. 

Being in state 2 causes a signal DSBLCNT to 
go HIGH. This signal disables the counter for 
one count but also enables WP1 to clock the 
address and data into the display port upon 
the falling edge of the l 2 C clock. 


After the address is found and latched into 
the output port, the state machine will 
transition to state 3. While in state 3 the state 
machine waits for the counter to count to 
seven, indicating that a byte of data is in the 
shift register. The state machine now 
transitions back to state 2 but sets a control 
bit named DATA. Once set, this bit can only 
be reset by another bus START condition or 
by a bus STOP condition. When the 
acknowledge clock pulse occurs, the byte in 
the shift register will be transferred to the 
data display output port. 

The state machine continues in a like manner 
transitioning between state 2 and state 3, 
latching data into the data display output port. 
When a bus STOP condition occurs, the 
state machine and counter circuitry will be 
reset, and will be held in the reset state until 
a bus START condition occurs. 


CONCLUSION 

This design combined several low level 
functions (counter, shift register, state 
machine, random logic) to produce a useful 
function using one programmable logic 
device. Although a microcontroller may be 
programmed to read addresses and data on 
the l 2 C bus, as the speed of the l 2 C bus is 
increased to 400 Kbits/sec the microcontroller 
will have difficulty doing anything else. 

Moving some high speed functions to 
hardware makes sense, allowing the 
microcontroller time to analyze and format 
the data . This design may be easily altered 
to provide for specific system requirements. 

A breadboard of this circuit was constructed 
for functional testing purposes. A listing for 
the design is shown in Figure 3. Additional 
circuit details are written as comments in the 
listing. A copy may be downloaded from the 
Philips PLD and Microcontroller Bulletin 
Board. The phone number is (800) 451-6644 
or (408) 991-2406. Use a modem set to 8 
bits, no parity and one stop bit. 
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I 2 C Bus Monitor 


This design is for a PML2552 device . It configures the PML2552 to work 
as a simple real time non-intrusive I2C bus monitor. When connected to 
the I2C bus, one 8-bit output port displays addresses sent on the bus 
while another 8-bit port displays data. Additional output pins display 
address acknowledge, data acknowledge, rw mode, bus start condition, 
and bus busy status . 

SNAP 1.90 or later must be used to compile this file. 

8P INLIST 
"inputs" 
scl 
sda 
reset 
wplc 
wp2c 

"outputs" 
start b; 

busy b ; 

aack o ; 

dack o ; 

rwo o; 

wpl o; 

wp2 o; 

p2 [ 0 . . 7 ] o; 
pi [0 . .7] o; 

8GROUPS 

adr = sr [ 6 . . 0 ] ; 

cx = c [2. .0] ; 

ct = c [2 . . 0] ; 

port2 = p2[7..0]; "data display port" 
portl = pl[7..0]; "address display port" 

8 TRUTHTABLE 
8 LOGIC EQUATIONS 


" Output registers " 


port2.od = sr[7..0]; 
port2.clk = wp2c; 
portl. od = sr [7 . . 0] ; 
portl. elk = wplc; 


" Shift register equations " 


"start pulse" 

"bus busy" 

"address acknowledge" 

"data acknowledge" 

"read/ write" 

"connect this pin to wplc pin" 
"connect this pin to wp2c pin" 
"data display port" 

"address display port" 


i; "I2C clock" 

i; "I2C data" 

i; "reset input active LOW" 
i; "connect this pin to wpl pin " 

i; "connect this pin to wp2 pin " 


u2.clk 

= 

scl; 



u3 . elk 

= 

scl; 



u4 .elk 

= 

scl; 



u5 . elk 

= 

scl; 



u6 .elk 

= 

sen- 



u7.clk 


sei; 



u8.clk 

= 

scl; 



u9.clk 

= 

scl; 



u2 . set 

= 

/ (start 

+ 

/busy) 

u3 . set 

= 

/ (start 

+ 

/busy) 

u4 . set 

= 

/ (start 

+ 

/busy) 

u5 . set 

= 

/ (start 

+ 

/busy) 

u6.set 

= 

/ (start 

+ 

/busy) 

u7 . set 

= 

/ (start 

+ 

/busy) 

u8 . set 

= 

/ (start 

+ 

/busy) 

u9 .rst 

= 

/ (start 

+ 

/busy) 


"8 bit shift register for input" 

"of I2C addresses and data" 

"the state machine will clock address" 

"or data bits from this register into" 

"the appropriate output register after" 
"eight bits have been clocked in" 

"this register is clocked by the I2C" 

"bus clock" 

"reset or set signals are defined so SNAP" 
"will use specific internal JK flip-flop" 


Figure 3. (1 of 3) 
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sr [0 . .7] = u[2. .9] ; 


Counter section 


c2.j = 1; 
c2 .k = 1; 
cl.j = 1; 
cl .k = 1; 
cO.j = 1; 
cO.k = 1; 


cO.rst = /(/busy + start) ; 

cl.rst = /(/busy + start); 

c2.rst = /(/busy + start); 

cO.clk = /(/dsblcnt * /scl); 

cl. elk = /(/dsblcnt * /scl * cO) ; 

c2.clk = /(/dsblcnt * /scl * cO * cl), 


"3-bit binary counter" 

"outputs are connected to state machine" 


"counter uses NAND gates in" 
"clock NAND array, not in" 
"foldback array" 


Detect IIC start £ stop conditions " 


uuuy = /scl + uuuy*/sda; "st 

uuustart = /uuuy*/sda*scl; 
start = uuustart; 
start. oe = 1; 

uuuyO = uuuyl*/sda + uuuyl*/scl "bu 

+ /sda*/scl + /uuuyl*uuuyO*sda "fz 

+ uuuy0*/scl + /reset; 
uuuyl = uuuyl*uuuyO + uuuyl*/scl 

+ /uuuyO*sda*/scl + uuuyl*/sda + /reset; 

uuubusy = /uuuyl*uuuyO + /uuuyl*/sda; 
busy = uuubusy; 
busy . oe = 1 ; 


"start condition pulse" 


"bus busy signal is HIGH" 

"from start to stop conditions" 


" State machine portion " 


state2i = S2*/S1*S0; 


dsblcnt = state2i; 

s2 . set = /(start + /busy), 
si. set = /(start + /busy) 

sO . set = /(start + /busy), 
data.rst = /(start + /busy), 
rw.rst = reset; 
acka.rst = reset; 
ackd . r st = reset; 


"duplication of state definition to be used" 
"in following equation" 

"dsblcnt HIGH when in state2" 

"reset state machine upon start" 
"condition and whenever bus is" 

"not busy (stop detected)." 

"rw displays read or write bus operation" 
"acknowledge address" 

"acknowledge data" 


Figure 3. (2 of 3) 
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s2.clk = scl; 
si. elk = scl; 
sO.clk = scl; 
data. elk = scl; 
rw.clk = scl; 
acka.clk = scl; 
ackd.clk = scl; 

cntr7 = cx— 7h; 
cntr6 = cx==6h; 

wp2 = dsblcnt * /scl * data; 
wpl = dsblcnt * /scl * /data; 

rwo = rw; 

aack=acka; 

dack=ackd; 


"clock state machine from I2C bus clock" 


"state maachine reads counter to wait" 
"for specific bits" 


"write data to port2" 

"write address and rw bit to portl" 

"pins mirror values of internal flops" 


eiNPOT VECTORS 
gODTPUT VECTORS 
[rw, data, acka, ackd] JKFFR 
low = 0000b; 

8STATE VECTORS 
[s2, si, sO] JKFFS 
stateO = 111b; 
statel = 110b; 
state2 = 101b; 
state3 = 100b; 


0TRANSIT1ONS 
while [stateO] 
if [cntr6] then [statel] 


"start detected" 
"wait for address" 


while [statel] 

if [sda] then [state2] with [rw] 
if [/sda] then [state2] with [/rw] 


"check polarity of rw bit" 
"addressed port to read" 
"addressed port to write" 


while [state2] 


"display port data" 


if 

[ sda*/data] 

then 

[state3] 

with 

[ acka] 

"display 

address ack' 

if 

[/sda*/data] 

then 

[state3] 

with 

[/acka] 



if 

[ sda* data] 

then 

[state3] 

with 

[ ackd] 

"or data 

acknowledge' 

if 

[/sda* data] 

then 

[state3] 

with 

[/ackd] 



while [state3] 







if 

[cntr7] then 

[state2] with 

[data] 

"wait for 

7 bits" 


Figure 3. (3 of 3) 
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Figure 4. Bus Monitor Pin Layout and External Connections 
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INTRODUCTION 

In many laboratories and institutions one can 
still find many PCs or similar computer 
equipment which are not connected via a 
network. There is often a need for occasional 
communication and data exchange in these 
cases and this application note describes a 
inexpensive solution, allowing 
intercommunications of up to eight stations. 

The specific goal of this design was to 
connect six PCs and two PLD-Programmers 
in such a way that any two of them could 
communicate. Each of these devices has a 
serial interface (RS 232), which may be 
connected to another device in a null modem 


configuration by connecting theTrD (Transmit 
Data) and RcD (Receive Date) lines of the 
two selected stations. With the addition of 
readily available software for the PCs that 
handshakes using a XON/XOFF protocol, the 
design realizes a digital switching network. 

The main part of the developed design 
represents a MUX-DEMUX-circuit realizing 
the primary switching network. One 
Multiplexer for each direction switches the 
TrD line of an activated station to an internal 
crosspoint and a Demultiplexer connects it to 
the RcD wire of the corresponding station. 
The choice of the stations to be connected is 
set up by the user via mechanical switches, 


so that an additional priority encoder has to 
guarantee the activation of only two stations 
at a time. In order to display the actual status 
of the switching network, two decoders are 
added which can drive 7-Segment-Displays 
directly and indicate the actual connection. 

Figure 1 shows the basic interconnection to 
be realized by the switching network and the 
structure of the complete design is shown in 
Figure 2. Beside the Line Buffers (DS 232) 
the complete design was to be implemented 
using just one programmable logic 
component. A Philips Semiconductor’s 
PLHS501 proved to be an excellent choice 
for this design. 



Figure 1. Interconnection via RS232 for a Simple XON/XOFF Protocol 
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Figure 2. Internal Structure of the Switching Network 
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BASIC OPERATION 

Link Control and Priority 
Encoder 

The first module of the design is the link 
control unit. As inputs it has eight selection 
signals indicating the choice of two stations 
which are to be connected. This primary 
selection will be converted to internal control 
signals for the switching network by the link 
control. As outputs there are 2x8 signals { 8 
for each direction of data flow) controlling the 
multiplexer and demultiplexer directly. 

In addition to the basic function, the link 
control has to ensure that just two stations 
are connected with each other, even if more 
are activated by the switches. In order to fulfill 
this constraint there has been implemented 
an implicit priority encoder satisfying the 
following rules: 

• if just two stations are chosen by the 
switches (the normal case) then an 
interconnect of these stations will be 
established; 

• if only one switch is set active, the 
transmission signal of this station is 
directed to the Receive line of the same 
station (self test); 

• if no switch is activated no interconnection 
is set up at all; 

• if more then two switches were set to the 
'Active' level just the two stations with the 
highest and lowest number ( Station 0, 
Station 7 - highest priority) are 
interconnected with each other. 


Realizing such privileges the appropriate 
function of the switching network is 
guaranteed in a way, that never more then 
two stations are linked together. 

Multiplexer 

Two multiplexers are the first part of the 
internal switching network. Directly controlled 
by the output of the link control module the 
multiplexers have the task to switch the 
transmission line of a selected station to an 
internal crosspoint. Since both directions of 
data flow are to be supported, two 
multiplexers exist which link the TrD lines to 
the crosspoints PD and PR respectively. 

Demultiplexer 

The second part of the digital switching 
network is formed by two demultiplexers. 
While the multiplexers have to link the active 
transmitter to central crosspoints, the 
demultiplexers connect these internal nodes 
with the RcD line of the corresponding 
counter station. The links to be established 
are as well controlled by the link control 
module and in the result each set of 
multiplexer/demultiplexers realizes an 
interconnection between any TrD and RcD 
signal lines. Since two of these sets are 
contained, both directions of data flow can be 
satisfied and a logical OR-operation of both 
demultiplexer outputs completes the 
switching network. 

Status Display 

A display was added to the basic function to 
show the actual interconnection. Since the 
original task was to connect eight stations 


with each other two numerical displays were 
used to display just the number of the two 
active ones. In order to accomplish this 
function two identical decoders were created. 
The decoders read directly the eight control 
signals from the link control module and in 
correspondence to the active line they drive 
the displays with numbers 1 to 8. For the 
case that no station is selected, the displays 
will blank. 


THE PML- ARCH ITECTU R E 

Circuits with a PML-structure represent an 
architecture that can replace all typical PLDs. 
In contrast to PAL and PLA circuits which use 
AND and OR gates, PML is composed of just 
one programmable logic array using only 
NAND gates. The outputs of each gate folds 
back upon itself and all other NAND gates. 
Inputs, outputs and bi-directional pins are 
available in the same way as they are in 
other PLDs. 

The general PML-architecture is shown in 
Figure 3. It is possible to realize any logical 
function block with this architecture. An 
example of implementing a D-type Latch is 
shown in Figure 4. Efficient design 
implementations require a certain design 
style and software that includes an 
appropriate simulator, optimizer and compiler. 
Such tools are contained in the 
PLD-Development Software SNAP, which 
can be used to implement designs within a 
short period of time for PML as well as for 
other programmable logic devices. 
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A DESIGN TOOL FOR 
PML-CIRCUITS (SNAP) 

Design implementation for PML as well as of 
other programmable logic ICs is supported 
by the Software tool SNAP. This program 
package, offered by Philips Semiconductors, 
guides the user through the complete design 
process beginning with the design description 
up to the automatic generation of final 
programming data and a corresponding test 
vector file. For the initial description of 
designs several entry tools are available. 

First there is the opportunity to create a 
network description via a schematic editor 
(e g. OrCAD SDT). Alternatively SNAP 
defines a specific HDL (Hardware Description 
Language) and by using this method, a 
design description may be given in terms of 
Boolean equations, truth tables or FSM 
(Finite State Machines) syntax. 

Whichever entry method is used becomes 
converted into an internal network description 
in a following step. The internal network 
format is similar to the EDIF-format and it 
corresponds with the data formats used by 
Philips Design Station for ASIC development. 
So it is also possible with SNAP to import 
designs given as EDIF-network descriptions 
and moreover the internal format keeps open 
the choice of a PLD or a Gate Array design 
implementation. Finally SNAP contains a 
minimzer module can optimize the Boolean 
function thereby increasing the quality of the 
design implementation, sometimes 
significantly. 

After a description has been created, the 
point of interest is to verify the correct 
operation of the design. For this purpose 
SNAP has included an easy to use digital 
simulator. The simulator, LESIM3, is 
contained in SNAP as well as in the Philips 
Design Station which has been used for 
ASIC-development for many years. 

Basically LESIM3 supports the simulation of 
abstract network descriptions as well as of 
concrete circuit models. The simulator either 
assumes a constant, propagation delay value 
for a given, bare network or it can consider 
the real timing relations if the model for a 


certain 1C is available. The stimuli for a 
design simulation can be generated by an 
interactive, graphical wave form entry or a 
textual stimuli description. The graphical 
entry is very easy to handle and leads quickly 
to appropriate stimuli for smaller designs. The 
other choice, the textual notation of stimuli, 
bases on an own simulation control language 
(SCL) of LESIM3 and it allows the compact 
description of sophisticated sequences for 
extensive design verification. This opportunity 
serves more the needs of experienced 
designers and in correlation with fault 
simulator, test pattern generator, model 
generator and other options it makes possible 
all kinds of functional simulation and test. 

The goal of design development software is 
the generation of ICs realizing an application 
specific function. Since the initial design 
description in SNAP is device independent, 
one task is to select a specific component. 
Even the choice of a PLD is made easy by 
SNAP, since all available devices are listed 
directly on the screen together with their most 
relevant data. After the designer has decided 
which PLD to use, there is only left the task of 
specifying pinning of the device. An initial pin 
assignment is suggested by SNAP 
automatically, which can be revised in an 
interactive process directly on the graphical 
presentation of the device. 

If all assignments are done, the ultimate 
design step is the compiler run. Automatically 
the compiler tries to map the given network 
on the selected PLD-architecture and in case 
of success a programmer file is generated 
(the format of programmer file follows JEDEC 
No.3A standard). This file can be downloaded 
onto a device programmer directly from the 
SNAP-shell, so that the IC-implementation 
can be completed immediately by 
programming the physical device. If on the 
other hand the compiler fails in its run the 
appeared problems will be listed in a status 
file and in this way the designer gets hints 
how to modify the design for a successful 
compilation. Especially in these cases SNAP 
has an essential advantage, since the 
SNAP-shell with its clear structure (Figure 5) 


allows additional design iterations quickly and 
furthermore automated. 


DEVELOPMENT OF THE 
SWITCHING CONTROL UNIT 
WITH SNAP 

Design Description 

The general functionality of the intended 
switching network has been outlined already 
in section two. There, the complete design 
has been subdivided into basic modules, of 
which the logical function can easily be 
described by boolean equations. Therefore it 
makes sense to use the 'Equations' entry of 
SNAP for design description and activating 
this module from the SNAP-shell an editor 
makes it possible to fill in a script of an empty 
HDL-file. Using the Equation-entry any 
design definition has to follow the specific 
HDL-syntax of SNAP and Figure 6 shows this 
description for the complete design. 

Referring to the listing (Figure 6) the basic 
structure of HDL-files can be demonstrated. 
The first section ‘@PINLIST serves for the 
definition of primary inputs, outputs and 
bi-directional pins of a design. Just the 
names of the ports and the port types are 
fixed here. After declaring the l/O-part the 
section ‘@LOGIC EQUATIONS’ contains the 
definition of the designs functionality. In this 
part the output is to specify in terms of 
boolean equations, in which inputs, 
intermediate signals and logical operators 
can be used. The basic operators are AND 
('*’), OR ('+'), NOT (T) and EXOR (’:+:’), but 
more abstract operations are available too. 

Within a HDL-file additional sections can be 
used for describing truth tables and finite 
state machines, but since they are not 
necessary for the switching network they are 
not explained here. Finally it should be 
mentioned that any project file in SNAP gets 
a specific file name extension upon 
completion of each development stage, so 
that the created Equation-file is marked with 
'.EQN' and the project file is named as 
NullMod.Eqn. 
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Figure 5. Snap Shell 


October 1993 


824 

























0PINLIST 




SelO 

I; 



Sell 

I; 



Sel2 

I; 



Sel3 

I; 



Sel4 

I; 



Sel5 

I; 



Sel6 

I; 



Sel7 

I; 



TrDO 

I; 



TrDl 

I; 



TrD2 

I; 



TrD3 

I; 



TrD4 

I; 



TrD5 

I; 



TrD6 

I; 



TrD7 

I; 



RcDO 

O; 



RcDl 

0; 



RcD2 

0; 



RcD3 

o; 



RcD4 

o; 



RcD5 

o; 



RcD6 

o; 



RcD7 

o; 



DlsplA 

0; 



DisplB 

o; 



DisplC 

o; 



DisplD 

0; 



OlsplE 

o; 



DisplF 

o; 



DisplG 

o; 



Disp2A 

0; 



Disp2B 

o; 



Disp2C 

o; 



Disp2D 

o; 



Disp2E 

o; 



Disp2F 

o; 



Disp2G 

0; 



@ LOGIC EQUATIONS 



SsO = SelO 

; 



Ssl = /SelO 

* Sell; 



Ss2 = /SelO 

* /Sell * 

Sel2; 


Ss3 = /SelO 

* /Sell * 

/Sel2 * Sel3; 


Ss4 = /SelO 

* /Sell * 

/Sel2 * /Sel3 * Sel4; 


Ss5 = /SelO 

* /Sell * 

/Sel2 * /Sel3 * /Sel4 

* Sel5; 

Ss6 = /SelO 

* /Sell * 

/Sel2 * /Sel3 * /Sel4 

* /Sel5 * Sel6; 

Ss7 = /SelO 

* /Sell * 

/Sel2 * /Sel3 * /Sel4 

* /Sel5 * /Sel6 * Sel7; 

PD = 

TrDO * SsO 

+ TrDl * Ssl + TrD2 * 

Ss2 + TrD3 * Ss3 + 


TrD4 * Ss4 

+ TrD5 * Ss5 + TrD6 * 

Ss6 + TrD7 * Ss7 ; 

Se7 = Sel7 




Se6 = /Sel7 

* Sel6 ; 



Se5 = /Sel7 

* /Sel6 * 

SelS ; 


Se4 = /Sel7 

* /Sel6 * 

/Sel5 * Sel4 ; 


Se3 = /Sel7 

* /Sel6 * 

/Sel5 * /Sel4 * Sel3 ; 


Se2 = /Sel7 

* /Sel6 * 

/Sel5 * /Sel4 * /Sel3 

* Sel2 ; 

Sel = /Sel7 

* /Sel6 * 

/Sel5 * /Sel4 * /Sel3 

* /Sel2 * Sell ; 

SeO = /Sel7 

* /Sel6 * 

/SelS * /Sel4 * /Sel3 

* /Sel2 * /Sell * SelO; 

PR - 

TrD7 * Se7 

+ TrD6 * Se6 + TrD5 * 

Se5 + TrD4 * Se4 + 


TrD3 * Se3 

+ TrD2 * Se2 + TrDl * 

Sel + TrDO * SeO; 

Figure 6. The Complete Design Description for the Switching Network Circuit (1 of 2) 
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RcD7 = 

PD 

★ 

Se7 

+ 

PR 

* Ss7 ; 


RcD6 = 

PD 

* 

SeS 

+ 

PR 

* Ss6 ; 


RcD5 = 

PD 

* 

Se5 

+ 

PR 

* Ss5 ; 


RcD4 = 

PD 

* 

Se4 

+ 

PR 

* Ss4 ; 


RcD3 = 

PD 

* 

Se3 

+ 

PR 

* Ss3 ; 


RcD2 = 

PD 

* 

Se2 

+ 

PR 

* Ss2 ; 


RcDl = 

PD 

* 

Sel 

+ 

PR 

* Ssl ; 


RcDO = 

PD 

★ 

SeO 

+ 

PR 

* SsO ; 


DisplS 

= 

/( 

Se2 

+ 

Se3 

+ Se4 + Se5 + Se6 ) ; 


DisplD 


/( 

SeO 

+ 

Se2 

+ Se3+ Se5 + Se6 ); 


DisplE 

= 

/( 

SeO 

+ 

Se2+ Se6 ) ; 


DisplF 

= 

/( 

SeO 

+ 

Se4 

+ Se5 + Se6 ) ; 


DisplA 

= 

/( 

SeO+ Se2 

+ Se3+ Se5 + Se6 + Se7 ) 


DisplB 

= 

/( 

SeO 

+ 

Sel 

+ Se2 + Se3 + Se4+ Se7 


DisplC 

= 

/( 

SeO 

+ 

Sel 

+ Se3 + Se4 + Se5 + Se6 

+ Se7 ); 

Disp2G 

= 

/( 

Ss2 

+ 

Ss3 

+ Ss4 + Ss5 + Ss6 ) ; 


Disp2D 

= 

/( 

SsO 

+ 

Ss2 

+ Ss3 + SsS + Ss6 ) ; 


Disp2E 

= 

/( 

SsO 

+ 

Ss2 

+ Ss6 ) ; 


Disp2F 

= 

/( 

SsO+ Ss4 

+ Ss5 + Ss6 ) ; 


Disp2A 

= 

/( 

SsO 

+ 

Ss2 

+ Ss3+ Ss5 + SsS -i- Ss7 

; 

Disp2B 

= 

/( 

SsO 

+ 

Ssl 

+ Ss2 + Ss3 + Ss4 + Ss7 

); 

Disp2C 


/( 

SsO 

+ 

Ssl 

+ Ss3 + Ss4 + Ss5 + Ss6 

+ Ss7) ; 

Figure 6. 

The Complete Design Description for the Switching Network Circuit (2 of 2) 
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Generation of an Internal Netlist 

As already mentioned, each design 
description within SNAP becomes converted 
into an internal netlist format first. In general 
this step is carried out automatically just by 
activating the corresponding program module 
and for the actual design this means to start 
the 'Net Converter' and the 'Merger' in 
succession. The network converter translates 


the given HDL-file into an EDIF like netlist 
description, while the merger has no essential 
meaning for this design. It is rather important 
for larger, hierarchical designs, where this 
module has to merge several function blocks 
into one, flat netlist. 

Regardless of design complexity, the merger 
has to be executed for each design and the 


out coming netlist file with the name 
NullMod.Net (project name with extension 
‘.NET) forms the bases for the following 
simulation and for the compiler. That's why a 
part of the resulting netlist is shown in 
Figure 7 for demonstration of this important, 
internal file format. 


****************************************************** 


* Output of Merger 

* Date: 10/ 1/1993 


* Input File Name : 

* Netlist File Name 


Version 1.60 
Time; 14:26:44 


*★****■******'★★***'★★***'*•**★**'★★★ ★★★**★**★★★★★★*★★★*★*★* 


NULLMOD . MAC 
NDLLMOD.NET 




NETSTART 

* 

551 AN2 I (N48_l, Sell) O(SSl) 

B481 INV I(SelO) 0 (N48_l) 

552 AN3 I (N49_l, Sel2,N48_l) 0(SS2) 

B49_l INV I (Sell) 0(N49_1) 

553 AN4 I (N49_l, N50_l, Sel3,N48_l) 0(SS3) 

B50_l INV I (Sel2) O(N50_l) 

# 

# 

# 

Disp2B N06 I (SelO, SSI, SS2, SS3, SS4, SS7) 0(Disp2B) 
Disp2C N07 I (SelO, SSI, SS3, SS4, SS5, SS6, SS7) 0(Disp2C) 


NETEND 

* 

NETIN SelO, Sell, Sel2, Sel3, Sel4, Sel5, Sel6, Sel7, TrDO, TrDl, TrD2, 
#TrD3, TrD4, TrD5, TrD6, TrD7 

NETOUT RcDO , RcDl, RcD2 , RcD3 , RcD4 , RcD5 , RcD6 , RcD7 , 

#DisplC, DisplB, DisplA, DisplF, DisplE, DisplD, DisplG, 

#DisplC, Disp2B, Disp2A, Disp2F, Disp2E, Disp2D, Disp2G 


Figure 7. The Netlist File NullMod.Net 
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Design Simulation 

The simulation of a design is an important 
step in the development of each circuit . 
Beside the bare functional simulation, the 
actual device timing relations, the testability, 
and last but not least an appropriate test 
pattern needs to be generated. All these 
functions can be realized by SNAP, even if 
only the basic procedure is demonstrated 
here. 

Working with SNAP the first step is to convert 
the netlist into a more compact format easier 


to read for the simulator. This will be 
accomplished by starting the program module 
'SIMNET' and as a result a binary file with the 
name NullMod.Bin becomes created. 
Additionally a stimuli file NullMod.ScI will 
automatically be generated too. These 
automatically generated stimuli are quite 
arbitrary and so it is advisable to modify them 
by the module 'WAVEFORMS’ or by the 
available text editor. Are the binary design file 
and the stimuli file present the real simulator 
'SIMSCL' can be run and the simulation 
results are stored in a project file ending with 


’.RES' (NullMod.Res for the switching 
network). These results can either be 
visualized graphically on the screen by 
'PLOT or printed out by the program module 
'SIMPRT. 

A complete simulation takes a good deal of 
work for any design and it can become quite 
extensive. That's why only a small part of the 
stimuli file for the switching network shall be 
shown here for demonstration (Figure 8) and 
Figure 9 shows the corresponding section of 
the graphical simulator output. 


************************************************************** 

* Output of tJpdsirn Version 1.00 * 

* Date: 10/01/93 Time: 14:27:02 * 

★***********************************-************************** 

* Input File Name: N0LLMOD.NET * 

* Output File Name: NULLMOD.SCL * 

************************************************************** 

P SelO, Sell, Sel2, Sel3, Sel4, SeO, Sel, Se2, Se3 
PC0 

S 0 (500) SelO 

S 0 (1000) Sell 
S 0 (1700) Sel2 
S 0 (2500) Sel3 
S 0 (2800) Sel4 
S 0 (3100) Sel5 
S 0 (3500) Sel6 
S 0 (4000) Sel7 

SO time = 5000 

Figure 8. A Section of the Simulator Stimuli for the Verification of the Design 
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The Compiler 

The final aim of the design process is to 
generate a data file in order to customize 
programmable logic devices with the 
functionality of the developed design. The 
programming data format generated by 
SNAP follows the international standard 
JEDEC No. 3A, which is widely accepted and 
used in industry and research. 

The compiler block of SNAP has the task to 
map a given, verified netlist onto a certain 
device architecture and to convert the result 
into a JEDEC file readable by a device 
programmer. In order to do so a specific 
device should be chosen and a pin out 
selected. For this design, a PLHS501 is 
chosen within the program module 
'DEVSELECP and the Pinning needs to be 
entered with ‘PINSELECT' in correspondence 
to that of Figure 10. After running these two 
programs, the compiler can be started which 
fits the design into the chosen device. In case 
of problems during the compilation an error 
file ( with extension ‘.ERR’ ) will be generated 
reporting errors, warnings and information 
about necessary modifications to the initial 


design. But for the design of the switching 
network the compiler finishes its work with 
success resulting in a JEDEC file named 
NullMod.Jed. This file can now directly be 
used to program a PLHS501 or it can be 
modeled for a final timing simulation. 


PROGRAMMING OF THE 
PLHS501 

Among other alternatives the UP2000 device 
programmer represents an interesting, 
efficient tool for the development of 
programmable logic especially in laboratories 
and smaller enterprises. Manufactured for 
use in PC environments it consists of an 
expansion board for PCs (8-Bit Slot), an 
adapter box, several adapters for mounting 
various package layouts, and corresponding 
programmer software. This device 
programmer and associated software 
supports all of the programmable logic 
devices that are contained within the SNAP 
library, so that the UP2000 is the ideal 
companion for the SNAP development 


system. The programmer software is mostly 
self explanatory and with some skill it can 
directly be included into the SNAP shell. 
Using the JEDEC file from SNAP and a 
UP2000 to program a PLHS501 revealed no 
problems at all. The programming of the 
design of the switching network into the 
PLHS501 was finished within one minute. 


SUMMARY 

The design of a digital switching network as 
described here was implemented within just 
one Philips PLHS501 . Adding some 
buffer/drivers and the necessary switches 
and display elements completed the design to 
a working application. It was tested within a 
laboratory of 8 PCs, which were 
interconnected by the switching network via 
their standard serial interfaces. By changing 
the switches, any of the computers could be 
interconnected and using communication link 
programs such as LapLink or Norton 
Commander, a simple data transfer method 
was realized. 
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Figure 10. Schematic of the Complete Switching Network 
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INTRODUCTION 

This paper presents the design of an 
accelerator that increases microcontroller 
performance without resorting to multiple 
expensive high speed memory chips or a 
high-cost superscalar controller. The design 
of a data acquisition unit, similar to a logic 
analyzer, is presented as an example. The 
task of the analyzer is to capture and respond 
to data, sampled at a rate faster than the 
microcontroller can operate. 

Data capture is a hardware-intensive function 
— it is difficult using software to synchronize 
controller operations with external data and 
balance memory requirements. On the other 
hand, formatting captured data and outputting 
it for display is best done in software. The 
accelerator exploits these characteristics by 
using a programmable logic device with the 
microcontroller. This partitions data 
acquisition and display into fast 
hardware-intensive and slower, 
software-intensive functions. 

What is Microcontroller 
Acceleration? 

Microcontroller acceleration is anything that 
makes a microcontroller appear to operate 
faster. Accelerators are special purpose 
hardware units that perform a time critical 
task that a microcontroller cannot. In the 
microprocessor world, accelerators have 
been hardware arithmetic units, simulation 
engines or graphics engines. The accelerator 
works with the microcontroller, either 
intercepting the time critical activity 
automatically (coprocessor), or acting when 
requested by the microcontroller. 


To illustrate, an arithmetic coprocessor 
automatically intercepts multiply and divide 
instructions, which slow down an integer 
based microprocessor. The coprocessor does 
the arithmetic operations with special purpose 
state machines and floating point hardware. 

A simulation engine performs high speed 
logic evaluations and operates directly on a 
circuit model contained in memory. Graphics 
engines operate directly with the display 
memory, performing the basic housekeeping 
and bit transformations with special purpose 
hardware. Each acceleration device permits 
the host processor to execute other code 
while the accelerator operates at high speed 
doing its special purpose activity. 


SYSTEMATIC APPROACH TO 
ACCELERATION 

Can we systematically design hardware 
accelerators? The answer to that question is 
- probably. The standard approach is part 
science and part art, much like system 
partitioning. In fact, accelerator definition 
tracks functional partitioning in many ways. 

The microcontroller system must be designed 
by first identifying microcontroller activities 
and those that must be done externally. The 
same approach is used for microprocessors 
as for microcontrollers, and will be shown by 
example. 

Matching a microcontroller or microprocessor 
to a target task involves several steps. 

1 . Identify tasks that must operate at full 
speed and tasks that can operate slower. 


2. Identify operations that are most efficient 
when handled by microprocessor data 
paths and those that must be outside, 
handled by high speed logic. 

3. Maximize tasks that can be done by 
software and minimize tasks that must be 
done by application specific hardware. 

4. Identify which tasks must operate with 
custom hardware because of their 
asynchronous nature. 

Much of the task partitioning is intuitive, but 
some may be quantitatively derived. For 
instance, the cycle time of the 
microprocessor is a constraint. Any activity 
that occurs in less time than the cycle time of 
the processor must by handled by hardware 
that can respond quickly enough. Any activity 
that is not critical is a candidate for being 
handled by the microprocessor. 

The key to success in acceleration is 
correctly identifying the tasks that must be 
done at speed and those that can wait. This 
is the first partition. 

The next step is to identifying slow and fast 
datapath operands. For instance, initializing a 
counter or a comparator may be done slowly, 
but the counting and comparing operations 
must occur at full speed. Isolating these kinds 
of operations is another partition. 

Additional steps may or may not be needed. 
However, synchronizing signals that are 
asynchronous is very difficult for controllers to 
do unless the signals are extremely slow and 
the degree of synchronization is loose. 
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AN EXAMPLE 

Let's look at an example taken from the 
instrumentation world. Most digital engineers 
are familiar with logic analyzers, because 
they use them for digital system debug. The 
idea is to make an add-on unit for a personal 
computer, using the PC's abilities to manage 
and display data. However, the PC cannot do 
high speed data capturing or triggering 
(stopping the data capture), unless 
ridiculously low speeds are the goal. For a 40 
MHz data capture rate, these tasks must be 
done by a second processor, passing data 
frames to the PC. This unit, shown in 
Figure 1, could even be inexpensively 
designed into a system that might benefit 


from remote access diagnostics. Clearly, it 
can operate stand-alone, as well. 

To handle the 40 MHz data rate, samples 
must occur every 25 nanoseconds, and be 
stored in consecutive RAM locations. The 
RAM will hold a sampled time image of probe 
voltages captured by the analyzer. Just 
passing the data into the RAM is no problem, 
but an address counter must manage the 
RAM. We'll assume a 20 nanosecond SRAM, 
giving some time margin. 

There are RISC processors today, that could 
pass data through them and update counters 
near this rate. However, that is not all that 
must be done. This is the tough part - each 


data item must be examined if a pretriggering 
feature is implemented. 

Pre-triggering permits the analyzer to 
recognize a data item, and when recognized, 
stop capture. This important feature permits 
designers to isolate bugs, and find what 
caused them. An important added feature, is 
time delayed stopping. 

Time delayed stopping permits more data 
capture after the trigger event, allowing 
assessment of the results of a bug. Time 
delayed stopping must be done at full 
hardware rates to be effective. It gets 
complicated. 
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Now, let's outline the tasks to be done. 

1 . The logic analyzer must be enabled by 
the PC. 

2. Each sample must be captured, and 
examined. 

3. In parallel, a RAM address must be 
calculated. 

4. The data must be stored at the address. 

5. If the data matches a trigger value, a time 
delay procedure must be started. 

6. Samples must continue to be captured 
and addresses calculated. 

7. When the time delay value is reached, 
sample capture is to cease. 

8. The PC must be informed that sample 
capture has ceased. 

9. At this point, the PC assumes control and 
reads back the RAM for display. 

Everything is possible for a fast RISC to 

perform up to step four, when a trigger event 

occurs. At this point, the complexity increases 


to the point that at least four tasks occur 
simultaneously. Examining the sample, 
storing it, updating the address and the delay 
must occur in one 25 nanosecond period, to 
keep up with arriving samples. This suggests 
hardware speeds are required, and sets the 
speed of the events to occur. Since each task 
can be done within the same 25 nanosecond 
period, the next sample can arrive and be 
handled. Even if the RISC could keep up with 
the tasks, it would be a prohibitive solution (at 
least one thousand dollars) for processor and 
memory. Twenty nanosecond SRAMs aren't 
cheap, and fast 32-bit RISCs need several of 
them. 

Even by restricting the analyzer to an 8 bit 
one, doesn’t help much. RISC processors of 
this speed are inherently 32 bits wide. This 
motivates us to find an alternative solution. 
We’d like to make a unit for less than 100 
dollars and fifty is preferable. 

First, let’s partition the problem into two 
pieces, on-line tasks and off-line tasks. 

On-line tasks are those that occur during data 
capture, and must meet the 25 nanosecond 


time constraint. Off-line tasks are those that 
occur when the heat is off, and have no 
particular time constraints beyond “user 
friendly" speeds. 

Enabling the analyzer, reading back the RAM 
contents and dealing with the PC are off-line 
tasks. Sample capture, store and triggering 
activities are on-line tasks. The design must 
do the on-line tasks in pure hardware and the 
off-line tasks in micro-controller software. 
Figure 2 shows the microcontroller and data 
capture unit along with an SRAM. 

By isolating the high speed operations into 
application specific hardware, forming an 
accelerator, a large class of inexpensive 
microcontrollers can meet the needs of the 
off-line tasks. First, because the needs of this 
example are only for 8 bit data, we’ll use an 8 
bit microcontroller. A microcontroller with 
enough I/O ports and the ability to do the 
off-line tasks in a single chip will be the most 
desirable. Off-line tasks include managing the 
sample RAM, communicating with the PC 
and enabling or disabling the accelerator. 



Figure 2. Logic Analyzer Block Diagram 
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Interrupts 



Counter 

Inputs 


Address/Data 


Figure 3. The 80C51 


MICROCONTROLLER 

SELECTION 

The design requires serial access to the PC, 
and at least four ports for handling the 
accelerator. These requirements are met by a 
single 8051 type microcontroller. Because 
8051s are inexpensive and readily available, 
let's pick one that has an additional feature - 
speed - ensuring an enjoyable user interface 
for off-line activities. The 33 Mhz version of 
the 8051 , offered by Philips Semiconductors 
meets the basic needs. 

An interesting aspect of the 8051 family, is 
that there are so many derivative parts. The 
design presented here, can be adapted in 
many ways to meet other needs. For 
instance, I picked the 33 MHz version, 
preserving user frustration. I could have 
picked the 80CL410 for low power, the 
87C751 to minimize the size, or the 87C451 if 


I needed more I/O ports. Other family 
members have fewer ports (in smaller 
packages) and built in A/D converters. For 
our needs, we’ll simply pick the fastest 
microcontroller, the 80C51 . Figure 3 shows 
the architecture of the 80C51 . If the unit was 
to be portable for a notebook or palmtop PC, 
the chosen 8051 would probably be different. 


ACCELERATOR HARDWARE 
SELECTION 

The accelerator (data capture unit) is another 
issue. First, it must be able to do the tasks 
described as on-line, and it must do them in 
25 nanoseconds. This should not be 
confused with a pin to pin propagation time of 
25 nanoseconds, but simply at a rate tracking 
25 nanosecond samples. As long as the RAM 
addresses and the captured data arrive at the 
SRAM together - at a rate equal to 40 MHz - 


the analyzer tracks the samples. It is 
important to update the counter at the sample 
rate, as well as time delay a pretriggered 
sample at the same rate. This is easily done 
with an FPGA type part or a complex PLD. 

For this task, I picked a Philips 
Semiconductors PML 2852 (Figure 4). The 
PML 2852 includes 8 bit registers which 
operate as input data synchronizers and uses 
JK flip flops for internal counters. The PML 
2852 has 52 JK and D type flip flops, with 
over a hundred very wide Nand gates inside. 
The data rate of 40 MHz is well below the 
PML 2852 system clock rate. Interconnect 
routing is not a problem because of the fully 
connectible foldback architecture. In all, the 
PML 2852 provides enough flip flop and gate 
resources in an 84 pin package, to form the 
needed comparators, counters, multiplexers 
and timers to complete the accelerator. 
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SOME DESIGN DETAILS 

Let’s look at some of the more critical internal 
functions (Figure 5a) to understand the 
accelerator operation. The pretrigger 
structure is formed with an eight bit register 
holding a compare pattern, a series of 
Exclusive-Nor functions and a second 
register holding bit enables. The bit enables 
permit “don’t care" triggering. The 
Exclusive-nor gates are made from foldback 
Nand gates. The entire unit is designed to 
format 8 bit samples into 256 byte data 
frames, but the design may be expanded by 
cascading additional PML 2852s and 
SRAMs. Cascading can be done using 


leftover pins, and the fact that the counters 
and comparators are made in a expandable 
fashion. 

Three of the 8051 ports are used to drive 
data values into the PML part, with the fourth 
port makes strobes for the various registers. 
One of the 8051 ports is designated as 
bidirectional and is used to read and write 
data values, compare operands, and 
counters. The pretrigger in this example is set 
at a fixed value of 16 time units, but this value 
can be changed. 

The design shown in Figure 5a, was done 
using Philips Semiconductors PLD design 


software, SNAP. SNAP (Figure 6) permits a 
gate array flow for the entire PLD family at 
Philips Semiconductors, including the PML 
family. SNAP supports schematic and 
equation entry, device independent design, 
optimization, fitting and back annotated 
logical simulation. All of the blocks in 
Figure 5a were written using Boolean 
equations, except for the control block. The 
control block was described using a 
schematic shown in Figure 5b. The SNAP 
equation listings for the other blocks are 
shown in Figures 9a, b, c, d, and e, with the 
final PML2852 pin layout in Figure 10. 



Figures. SNAP Flow Chart 


October 1993 


838 


























Philips Semiconductors Programmable Logic Devices 


Application Note 


Microcontroller acceleration 


AN035 


ANALYZER OPERATIONS 

The order of operations is shown in Figure 7. 
Initial values are loaded into the counter, the 
compare and enable registers. When a 
control strobe is sent from the 8051 to the 
PML 2852, automatic data capture begins. 
Data capture continues, loading consecutive 
values into the SRAM, at that point. 

When a data value matches the qualified 
trigger pattern, a time delay counter is 
enabled and 1 6 more samples are taken. At 


the end of the delay, the SRAM write circuitry 
is disabled. The 8051 software scans the 
internal control register and senses the data 
capture complete condition. The 8051 begins 
SRAM readback at that point. If a trigger 
pattern is never encountered, data sampling 
continues and will load one 256 bit frame 
after another on top of old values. As 
mentioned before, the depth of the SRAM 
can be easily expanded to capture these 
frames using more parts, if needed. 


Readback occurs when the 8051 resets the 
SRAM address and reads 256 consecutive 
values from it. The 8051 updates the counter, 
reads the SRAM and inputs the data. The 
data is passed on an RS-232 cable to the 
PC, where a separate display routine takes 
the data and forms a familiar waveform 
pattern. Remember that readback is an offline 
activity. The data capture hardware is 
stopped, and the FtAM dumping occurs at a 
leisurely rate. 



OFF-LINE 
8051 CODE 
SETS UP 
ANALYZER 


ON-UNE 

8051 

SCANS WHILE 
ANALYZER 
FREE RUNS 



A 


OFF-LINE 
I 8051 

> TRANSFERS 
[ ANALYZER 
BACK TO P.C. 


J 


Figure 7. Simplified Analyzer Operation 


Flow 
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RESULT DISPLAY 

When the data is retrieved by the PC, it can 
be formatted and displayed in classic logic 
analyzer style. Separate channels are simply 
the separate SRAM data lines. Display is 
simply a matter of finding the frame starting 
point, and making transition display segments 
on the screen. 

As an example of this type of display, see 
Figure 8. Figure 8 is actually, a display of 
data taken from the simulation section of 
Philips Semiconductors SNAP design 
software, running on a PC. The simulation 
software in SNAP mimics the display format 
of a logic analyzer. By formatting the 
information taken from the logic analyzer and 
renaming the file for SNAP’s needs, a usable 
result is obtained. The SNAP simulation 
display includes features like waveform 
expansion, cursor movement, overlap and 
reorder of waveforms, etc. 



Figure 8. PC Waveform Displays 


CONCLUSIONS 

At the outset of this paper, a procedure for 
making accelerators was outlined. By 
example, a small logic analyzer design was 
shown, to speed up an inexpensive 
microcontroller, with a low cost FPGA. 

But why is this class of designs so important? 
First, the logic analyzer shows which 
activities must be made in hardware and 
which can be in software. Second, the design 
is typical of a larger class of designs - 
parallel data operation designs. Included in 
this category are other instrumentation 
applications and many computer control 
applications. For instance, if the logic 
analyzer had the triggering hardware 
removed and only passed the data through it 
to the SRAM, it becomes a generalized data 
acquisition unit. If the data acquisition unit 
was supplemented with a single 8 bit A/D 


converter, and its analog input was taken as 
a probe, it becomes a digital oscilloscope. If 
the data acquisition unit passes data to the 
SRAM, and adds a word counter, the unit 
becomes a DMA controller. Other examples 
exist. Each simply takes a high speed task, 
offloads the microcontroller and makes the 
overall operation much faster. 

There are other design categories where 
accelerators can be beneficial. Most notable 
is the class of serial data operation designs. 
These designs can also be made with 
inexpensive microcontrollers and low cost 
FPGAs. Their primary abilities include 
capturing and sensing serial data patterns 
and taking action, as well. The world of high 
speed data communications uses these types 
of machines, accelerating lower level data 
operations. However, that is the topic of 
another paper! 
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©P INLIST 

AIN I ; BIN I;CIN I;DIN I;EIN I;FIN I;GIN I;HIN I;LOAD I; 
AOUT 0 ; BOOT 0;C0UT 0;D00T O;E0UT 0;F0UT 0;G00T 0;H0UT O; 
6 LOGIC EQUATIONS 
AOUT . D = AIN; 

BOUT . D = BIN; 

COUT.D = CIN; 

DOUT.D = DIN; 

EOUT.D = EIN; 

FOUT.D = FIN; 

GOUT . D = GIN; 

HOUT.D = HIN; 

AOUT.CLK = LOAD; 

BOUT.CLK = LOAD; 

COUT.CLK = LOAD; 

DOUT.CLK = LOAD; 

EOUT.CLK = LOAD; 

FOUT.CLK = LOAD; 

GOUT.CLK = LOAD; 

HOUT.CLK = LOAD; 

0 INPUT VECTORS 
0OUTPUT VECTORS 
0 STATE VECTORS 
©TRANSITIONS 


Figure 9a. BUFF Block Equations 


8P INLIST 




INAO I; 

INA1 I; INBO 

I; INB1 I ; INCO I;INC1 I;INDO I;IND1 

I; 

INEO I; 

INE1 I; INFO : 

I; INF1 I; INGO I;ING1 I;INHO I;INH1 

I ; SEL I; 

DOUTA O 

; DOUTB 0; DOUTC 0; DOUTD O; DOUTE 0; DOUTF O; DOUTG 

O; DOUTH O; 

©LOGIC 

EQUATIONS 




DOUTA = 

/SEL*INAO 

+ 

SEL*INA1; 


DOUTB = 

/SEL*INBO 

+ 

SEL*INB1; 


DOUTC = 

/SEL*INCO 

+ 

SEL*INC1; 


DOUTD = 

/SEL*INDO 

+ 

SEL*IND1 ; 


DOUTE = 

/SEL*INEO 

+ 

SEL*INE1; 


DOUTF = 

/SEL*INFO 

+ 

SEL*INF1 ; 


DOUTG = 

/SEL*INGO 

+ 

SEL*ING1; 


DOUTH = 

/SEL*INHO 

+ 

SEL*INH1; 


©INPUT 

VECTORS 




©OUTPUT 

VECTORS 




©STATE 

VECTORS 




©TRANSITIONS 







Figure 9b. MUX Block Equations 



October 1993 


841 







Philips Semiconductors Programmable Logic Devices 


Application Note 


AN035 


Microcontroller acceleration 


8P INLIST 

DBO B;DB1 B ; DB2 B ; DB3 B;DB4 B;DB5 B;DB6 B;DB7 B; 

NDBO 0;NDB1 0;NDB2 0;NDB3 0;NDB4 0;NDB5 0;NDB6 0;NDB7 O; 
DINO I;DIN1 I;DIN2 I;DIN3 I;DIN4 I;DIN5 I;DIN6 I;DIN7 I; 
ENA I; 

§ LOGIC EQUATIONS 
DBO = DINO; 

DB1 = DIN1; 

DB2 = DIN2; 

DB3 = DIN3; 

DB4 = DIN4; 

DB5 = DIN5; 

DB6 = DIN6; 

DB7 = DIN7; 

DBO.OE = ENA; 

DBl.OE = ENA; 

DB2.0E = ENA; 

DB3.0E = ENA; 

DB4.0E = ENA; 

DB5.0E = ENA; 

DB6-OE = ENA; 

DB7.0E = ENA; 

NDBO = DBO; 

NDB1 = DB1; 

NDB2 = DB2; 

NDB3 = DB3 ; 

NDB4 = DB4; 

NDB5 = DB5; 

NDB6 = DB6; 

NDB7 = DB7 ; 

0 INPUT VECTORS 
0OUTPUT VECTORS 
0STATE VECTORS 
0TRANSITIONS 


Figure 9c. XCVRS Block Equations 


0P INLIST 

COUNT I; LOAD I; DO I;D1 I;D2 I;D3 I;D4 I;D5 I;D6 I;D7 I; CLK I; 


A 0;B O; C 0; D 0; E 0; F 
8 LOGIC EQUATIONS 

0; 

: G 0; H 0 ; 

H.J 

= 

COUNT *A*B*C *D *E *F *G 

+ 

L0AD*D7; 

H.K 

= 

COUNT *A*B *C *D *E *F *G 

+ 

LOAD*/D7; 

G.J 

= 

COUNT*A*B*C*D*E*F 

+ 

LOADED 6; 

G.K 

= 

COUNT *A*B *C *D *E *F 

+ 

L0AD*/D6; 

F.J 

= 

COUNT*A*B*C*D*E 

+ 

L0AD*D5; 

F.K 

= 

COUNT*A*B*C*D*E 

+ 

L0AD*/D5; 

E. J 

= 

COUNT *A*B*C*D 

+ 

L0AD*D4; 

E.K 

= 

COUNT*A*B*C*D 

+ 

LOAD*/D4; 

D.J 

= 

COUNT*A*B*C 

+ 

L0AD*D3; 

D.K 


COUNT*A*B*C 

+ 

LOAD*/D3; 

C.J 

= 

COUNT *A*B 

+ 

L0AD*D2; 

C.K 

= 

COUNT *A*B 

+ 

LOAD*/D2; 

B.J 

= 

COUNT *A 

+ 

L0AD*D1; 

B.K 

= 

COUNT *A 

+ 

LOAD*/Dl; 

A. J 

= 

COUNT 

+ 

LOAD*DO; 

A.K 

= 

COUNT 

+ 

LOAD*/DO ; 


H.CLK = CLK; G. CLK = CLK ;F. CLK = CLK;E . CLK = CLK; 

D .CLK = CLK; C .CLK = CLK;B . CLK = CLK; A. CLK = CLK; 

A. SET = 1;B.SET=1;C.SET=1;D.SET=1;E.SET=1;F.SET=1;G.SET=1;H.SET=I; 

0 INPUT VECTORS 

0OUTPUT VECTORS 

8STATE VECTORS 

8TRANSITIONS 


Figure 9d. COUNT8 Block Equations 
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0P INLIST 

AO I :B0 I;A1 I;B1 I;A 2 I;B2 I;A3 I;B3 X; 

A4 I;B4 I;A5 I;B5 I;A6 I;B6 I;A7 I;B7 I; 
ENAO I ; ENA1 I;ENA2 I ; ENA3 I; 

ENA4 I ; ENA5 I;ENA6 I;ENA7 I; 

COMPARE O; 

8 LOGIC EQUATIONS 
EQO = / (AO :+:B0) +ENAO; 

EQ1 = / (A1 :+:Bl) +ENA1; 

EQ2 = / ( A2 : + : B2 ) +ENA2 ; 

EQ3 = / (A3 : + :B3) +ENA3 ; 

EQ4 = / ( A4 : + : B4 ) +ENA4 ; 

EQ5 = / (A5 :+:B5) +ENA5 ; 

EQ6 = / (A6 : + :B6) +ENA6; 

EQ7 = / (A7 : + :B7) +ENA7; 

COMPARE = EQ0*EQ1*EQ2 *EQ3 *EQ4 *EQ5*EQ6*EQ7 ; 

8 INPUT VECTORS 

80UTPUT VECTORS 

0STATE VECTORS 

gTRANDITIONS 


Figure 9e. COMP Block Equations 
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Figure 10. Data Capture Unit Pin Layout 
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INTRODUCTION 

The PML2552 and PML2852 devices contain 
internal clocked JK-type flip-flops that may be 
used to implement counters, shift registers, or 
synchronous state machines. JK-type 
flip-flops can generally be used to implement 
state machines and counters very efficiently. 
For state machines, JK flip-flop based 
machines require product terms (AND gates) 
only to transition between states. Product 
terms are not required to hold the state 
registers in specified states as they would be 
for D-type flip-flop implementations. 

For implementing counters, JK-type flip-flops 
can be easily configured as T-type or toggle 
flip-flops by connecting the J and K inputs 
together. Only one product term per counter 
bit is required to construct a counter in this 
manner. 

The PML2552 and PML2852 each contain 
two groups of ten clocked JK-type flip-flops. 
One group features independent clocks and 
independent reset inputs. The other group of 
ten features a common clock and a common 
preset input. These are indicated as 
JKCL552 and JKPR552 respectively in 
Figure 1. It is the purpose of this application 
note to demonstrate how, using Philips 
Semiconductors SNAP software, counters 
may be implemented most efficiently in the 
JKCL552 group of flip-flops. Counters of up 
to ten bits may be implemented using only 
one of the 96 foldback (FBNAND) NAND 
gates. This is accomplished by using the 
independent clocking feature of the JKCL552 
flip-flops. 


TYPICAL COUNTER 
IMPLEMENTATION 

The most common way of connecting JK-type 
flip-flops as a counter is shown in the listing 
of Figure 2. This arrangement connects all 
clock inputs to a common clock. The least 
significant counter bit flip-flop has its J and K 
inputs tied HIGH. This flip-flop will change 
state after every clock pulse. The next bit 
flip-flop has its J and K inputs tied to the 
output of the least significant bit flip-flop 
output. If its J and K inputs are tied to the Q 
output of the previous flip-flop, it will toggle 
after a clock when the LSB is HIGH, 
producing an up counter. If its J and K inputs 


are tied to the QN output, then it will toggle 
when the LSB is LOW, producing a down 
counter. The remaining flip-flops in the 
counter have their J and K inputs tied to the 
outputs of all previous counter bits. In all 
Philips Semiconductors PLD devices that 
contain JK flip-flops, the same product term 
that connects to the J input may also be 
connected to the K input. For PML this is also 
true except it is a NAND gate connecting to 
the integral NAND gate inputs on the JK 
flip-flops. 

This type of counter will use one foldback 
NAND gate (FBNAND) for each bit in the 
counter. It may be implemented in the 
JKPR552 or the JKCL552 groupings of 
flip-flops. Which group the counter is 
implemented in can be controlled in SNAP by 
defining an equation for the RST or SET 
inputs of the flip-flops. If a SET equation is 
defined, SNAP will try to use the JKPRFF 
devices. If a RST equation is supplied, SNAP 
will try to use the JKCLFF devices. If neither 
SET or RST equations are defined or both 
are defined, SNAP may try to make JK 
flip-flops totally from the FBNAND gates. 


DEVICE SPECIFIC COUNTER 

Although using only one FBNAND gate per 
counter bit is fairly efficient, a ten bit counter 
would require ten FBNAND gates. A design 
technique is available that can implement up 
to a ten bit counter in the JKCL552 group of 
flip-flops using only one FBNAND gate for the 
whole counter. Figure 3 contains a schematic 
representation of a 3-bit version . Figure 4 
shows the associated SNAP simulation 
waveforms. As can be seen in Figure 3, all of 
the flip-flops JK inputs are tied HIGH. This is 
were the one FBNAND gate is used. All of its 
inputs are disconnected so that its output is 
LOW. The FBNANDs output is then 
connected to the integral NAND gates on the 
JK flip-flops inputs. 

This counter uses a NAND gate to clock each 
bit in the counter. As the JKCL552 flip-flops 
are clocked independently by a special array 
of NAND gates, this design fits perfectly into 
the PML2552 or PML2852 devices. 

Figure 5 shows SNAP equations for a 10-bit 
version. Figure 6 shows a SNAP resource 


summary for this 10-bit implementation to 
verify that only one FBNAND gate was used. 
Figure 7 shows the clock NAND array portion 
of a PML2552 fusetable, demonstrating again 
how nicely the counter may be implemented 
in a PML2552 or PML2852. A fusetable 
representation of any PLD device is available 
in SNAP by running FUSTABLE.EXE from 
the DOS command prompt. 


SPECIFIC REQUIREMENTS 

This counter design may be altered to provide 
for a count of any length. Figure 8 shows a 
modification to the 3-bit counter to produce a 
modulo-5 counter. This counter is reset to 
count 011.lt then counts up to 1 1 1 in a binary 
fashion and then transitions to 01 1 producing 
5 unique states. 

Figure 9 contains the SNAP listing of another 
modification. This 1 2-bit counter was part of a 
design that already was using all ten of the 
JKPR552 flip-flops and two of the JKCL552 
resources. For this case 8 of the JKCL552 
flip-flops were configured as described 
above, the remaining four bits used D-type 
flip-flops realized using only FBNAND gates. 
An additional design technique was 
implemented with these D-type flip-flops. 

Normally when making a counter using 
D-type flip-flops, the flip-flops are preceded 
by some AND-OR logic. In this case, since 
the flip-flops are constructed using only 
FBNAND gates, it was possible to merge the 
AND-OR logic structure directly into the 
construction of the flip-flop. For additional 
information on flip-flop merging, please refer 
to application note AN049. 


CONCLUSION 

Counters of up to 10-bits may be 
implemented in PML2552 and PML2852 
devices using only one FBNAND gate and 
the JKCL552 group of flip-flops. The design 
presented may be altered to provide a count 
of any value. If more than 10-bits are 
required, it is possible to add flip-flops from 
the JKPR552 group, the ODFF group, or 
construct flip-flops from FBNAND gates. 
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"8-bit up counter" 


"constructed as a down counter 
with inverted outputs" 

gPINLIST 
clr i; elk i; 
q[7..0] o; 

g GROUPS 
g TRUTHT ABLE 
gLOGIC EQUATIONS 

qi[7..0].clk = elk; "common clock" 

qi[7..0].set = /clr; "common clear" 

q0=/qi0; ql=/qil; q2=/qi2; "invert outputs to" 
q3=/qi3; q4=/qi4; q5=/qi5; "make an up counter" 

q6=/qi6; q7=/qi7 ; 

qiO.j = 1; 

qiO.k = 1; 

qil.j = /qiO; 

qil.k = /qiO; 

qi2.j = /qi0*/qil; 

qi2.k = /qi0*/qil; 

qi3 . j = /qi0*/qil*/qi2; 

qi3.k = /qi0*/qil*/qi2; 

qi4 . j = /qi0*/qil*/qi2*/qi3; 

qi4.k = /qi0*/qil*/qi2*/qi3; 

qi5 . 3 = /qi0*/qil*/qi2*/qi3*/qi4; 

qi5.k = /qi0*/qil*/qi2*/qi3*/qi4; 

qi6 . 3 = /qi0*/qil*/qi2*/qi3*/qi4*/qi5; 

qi6.k = /qi0*/qil*/qi2*/qi3*/qi4*/qi5; 

qi7>3 = /qi0*/qil*/qi2*/qi3*/qi4*/qi5*/qi6; 

qi7.k = /qi0*/qil*/qi2*/qi3*/qi4*/qi5*/qi6; 

g INPUT VECTORS 
gOUTPUT VECTORS 
g STATE VECTORS 
gTRANSITIONS 


Figure 2. Typical 8-Bit Binary Counter 
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File: CT8PML.RES DELAY = 0ns 
(Netlist) |r — 

CLOCK L 1 I 1 L 

RESET L 1 

01 U I 1 

02 U I 

03 0 I 


Marker = Ons 


Sec/Div = 200ns 


*#CHECK L 



200 600 1000 1400 1800 2200 

Philips Semiconductors (C) 1993 MODE =1 FI : HELP, F10 : EX: 


Figure 4. SNAP Simulation Waveforms of 3-Bit Binary Counter 
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"Ten bit 

counter using only NAND gates in clock array 


of JK flip-flops with reset in PML2552 or PML2852" 



8PINLIST 




clr 

i; 




elk 

i; 




q[9..0] 

o; 




8 GROUPS 





8 TRUTHTABLE 

8 LOGIC EQUATIONS 




qiO.clk 

= elk; 


' JKCL552 

flip-flops have" 

qil . elk 

= / (qiO*/ elk) ; 


'an independent clock 

qi2 . elk 

= / (qiO*qil*/clk) ; 


'NAND array " 

qi3 . elk 

= / (qi0*qil*qi2*/clk) ; 




qi4 .elk 

= / (qi0*qil*qi2*qi3*/elk) ; 

"clock 

on rising edge of elk" 

qi5 . elk 

= / (qi0*qil*qi2*qi3*qi4*/clk) ; 




qi6.clk 

= / (qi0*qil*qi2*qi3*qi4*qi5*/clk) ; 




qi7 .elk 

= /(qi0*qil*qi2*qi3*qi4*qi5*qi6*/clk) ; 



qi8 . elk 

= / (qi0*qil*qi2*qi3*qi4*qi5*qi6*qi7 

*/clk) ; 



qi9 . elk 

= / (qi0*qil*qi2*qi3*qi4*qi5*qi6*qi7*qi8*/elk) ; 


qiO .rst 

= /clr; qil. rst = /clr; qi2.rst = 

/clr; 

'define 

reset so SNAP" 

qi3 . rst 

= /clr; qi4.rst = /clr; qiS.rst = 

/clr; 

'will use JKCL552 devices" 

qi6 . rst 

= /clr; qi7.rst = /clr; qi8.rst = 

/clr; 



qi9 . rst 

= /clr; 




qO=qiO ; 

ql=qil; g2=qi2; g3=gi3; g4=gi4; 




q5=qi5; 

q6=qi6; q7=qi7; q8=qi8; q9=qi9; 




qi[9..0] 

-3 = l; 


"tie J 

and K inputs HIGH" 

qi[9--0] 

.k = 1; 





Figure 5. SNAP Equations for a 10-Bit Counter 



Design from 

CT256PML 

-N2 - 

for device PML2552 

Cell name 

used/total 

% 

CKDIN552 

0 

/ 

4 

0% 

CKNIN552 

1 

/ 

4 

25% 

FBNAND 

1 

/ 

96 

1% 

NAND 

51 

/ 

104 

49% 

DIN552 

1 

/ 

25 

4% 

NIN552 

0 

/ 

25 

0% 

CDIN552 

0 

/ 

4 

0% 

CNIN552 

0 

/ 

4 

0% 

CK5S2 

0 

/ 

4 

0% 

IDFF552 

0 

/ 

16 

0% 

BDIN552 

0 

/ 

24 

0% 

BNIN552 

0 

/ 

24 

0% 

JKCL552 

10 

/ 

10 

100% 

JKPR552 

0 

/ 

10 

0% 

EXOR552 

8 

/ 

8 

100% 

TOUT552 

10 

/ 

24 

41% 

ODFF552 

2 

/ 

16 

12% 

Figure 6. SNAP Resource Summary 
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» Print out of fusemap starting from col 1 to col 18 « 

II1IMMMMJJJJJJJJJJ 

////AAAAKKKKKKKKKK 

CCCCIIIXCCCCCCCCCC 

KKKKNNNNLLLLLLLLLL 

B { { ( 0123456789 

/123CCCC 

C) ) ) KXXXQ CQQQQQQCQ 

((((II I I I I I I I I 

22220123H | | | | | | | | 

4320)))) | | | I I I I I I I 
I I I I I I I I I I I I I I I I I I 
I I I I I I II I I I I I I I I I I 
vwwwwwwwwv 


JKPR_CK-> 

JKCL0_CK-> L AAAAAAAAA 

JKCLl_CK-> L AAAAAAAA 

JKCL2_CK-> L AAAAAAA 

JKCL3_CK-> L AAAAAA 

JKCL4_CK-> L AAAAA 

JKCL5_CK-> L AAAA 

JKCL 6_CK— > L AAA 

JKCL7_CK— > L AA 

JKCL8_CK— > L A 

JKCL9 CK-> L 


Figure 7. Portion of PML2552 Fuse Table Showing Clock Array Connections 


October 1993 


850 






Philips Semiconductors Programmable Logic Devices 


Application Note 


Implementing counters in PML2X52 devices 


AN042 



File: CT5PML.RES DELAY = Ons 
(Netlist) || — 1 | ■ = 


Marker = Ons 


Sec/Div = 200ns 


* #CHECK L - 



Philips Semiconductors (C) 1993 MODE = 1 


1000 1400 1800 2200 

FI : HELP, F10 : EX: 


Figure 8b. SNAP Simulation Waveforms of Modulo-5 Counter 
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" This example is a 12-bit binary up counter. It is 
constructed using 8 JKCL552 flip-flops and 4 D-type 
flip-flops constructed from FBNAND gates. 

0P INLIST 
clr i; 

clkn i ; 

q [11 . . 0] o; 

0 GROUPS 
0 TRUT HT ABLE 
0 LOGIC EQUATIONS 
qiO.clk = /clkn; 

qil.clk = /(qi0*clkn); "clock on falling edge of clkn" 

qi2 . elk = / (qiO*qil*clkn) ; 

qi3.clk = / (qi0*qil*qi2*clkn) ; 

qi4 . elk = /<qi0*qil*qi2*qi3*clkn) ; 

qi5.dk = / (qi0*qil*qi2*qi3*qi4*clkn) ; 

qi6.clk = / (qi0*qil*qi2*qi3*qi4*qi5*elkn) ; 

qi7.clk = / (qi0*qil*qi2*qi3*qi4*qi5*qi6*clkn) ; 

qiO.rst = /clr; qil.rst = /clr; qi2.rst = /clr; "define reset inputs" 

qi3.rst = /clr; qi4.rst = /clr; qiS.rst = /clr; 

qi6.rst = /clr; qi7.rst = /clr; qi8.rst = /clr; 

qi9.rst = /clr; qilO.rst = /clr; qill.rst = /clr; 

qO=qiO; ql=qil; q2=qi2; q3=qi3 ; q4=qi4; 

q5=qi5; q6=qi6; q7=qi7; 

q8=qi8; 

q9=qi9; 

ql0=qil0; 

qll=qill; 

qi [ 7 . . 0 ] . j = 1; "all J and K inputs are tied HIGH" 

qi[7. .0] .k = 1; 

"Four bit D-type flop counter clocked from output of qi7" 

qi8 =/ (qi8n*f 8sn) ; "LSB" 

qi8n =/ (qi8*f8rn*/clr) ; 

f8sn =/ (f8snn*/qi7*/clr) ; 

f8snn=/ (f8sn*f8rnn) ; 

f8rn =/ (f8rnn*f 8sn*/qi7) ; 

f8rnn=/ (f8rn*qi8n*/clr) ; "qi8.d = /qi8;" 

q!9 =/ (qi9n*f 9sn) ; "LMSB" 

qi9n -/ (qi9*f 9rn*/clr) ; 
f9sn =/ (f9snn*/qi7*/clr) ; 
f9snn=/ (f9sn*f9rnna*f9rnnb) ; 

f 9rn =/ (f 9rnna*f9rnnb*f9sn*/qi7) ; "merge AND/OR into flop" 
f9rnna=/ (f 9rn*/clr*qi8n*qi9) ; "qi9.d = /qi8*qi9+qi8*/qi9; " 

f 9rnnb=/ (f 9rn*/clr*qi8*qi9n) ; 

qilO =/ (qil0n*fl0sn) ; "UMSB" 

qilOn =/ (qil0*f 10rn*/ clr) ; 
flOsn =/ (fl0snn*/qi7*/clr) ; 
fl0snn=/ (fl0sn*fl0rnna*f 10rnnb*f lOrnnc) ; 

flOrn =/ (fl0rnna*fl0rnnb*f 10rnnc*fl0sn*/qi7) ; "merge AND/OR into flop" 
fl0rnna=/ (fl0rn*/clr*qi8n*qil0) ; "qilO . d=/qi8*qil0+/qi9*qil0+qi8*qi9*/qil0; " 
fl0rnnb=/ (fl0rn*/clr*qi9n*qil0) ; 
fl0rnnc=/ (fl0rn*/clr*qi8*qi9*qil0n) ; 

qill =/ (qilln*fllsn) ; "MSB" 

qilln =/ (qill* film* /clr) ; 
fllsn =/ (fllsnn*/qi7*/clr) ; 

fllsnn=/ (fllsn*fllrnna*fllrnnb*fllrnnc*fllrnnd) ; 
film =/ (fllrnna*f llrnnb*fllrnnc*f llrnnd*f llsn*/qi7) ; 

"merge AND/OR into flop" 

"qill .d=/qi8*qill+/qi9*qill+/ql0*qill+qi8*qi9*qil0*/qill; " 
f llrnna=/ (f llrn*/clr*qi8n*qill) ; 
fllrnnb=/ (f llm*/clr*qi9n*qill) ; 
fllrnnc=/ (fllrn*/clr*qilOn*qill) ; 
f llrnnd=/ (fllm*/clr*qi8*qi9*qilO*qilln) ; 

0 INPUT VECTORS 
0OUTPUT VECTORS 
0 STATE VECTORS 
0TRANSITIONS 

Figure 9. 1 2-Bit Counter 
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Authors: Uwe Kruger and Jurgen Meixner 


INTRODUCTION 

Serial digital data encoding and decoding 
protocols are often used to increase the 
reliability of data transmission and storage. 
Transmitting digital data permits reliable error 
detection and correction techniques to be 
applied. Some encoding formats allow the 
transmitting clock to be extracted from the 
data stream and reproduced at the receiver. 
Long sequences of binary Os or 1 s may be 
transparently limited using formats such as 
HDBn or Manchester. 

Encoded serial signals are used, for instance, 
on the SO-bus in ISDN user interfaces 
(inverse AMI) and in PCM systems (HDB3 
encoding). 

This application note describes circuits that 
can encoder and decode eight of the most 
frequently used formats. A programmable 
logic device, the Philips PML2552, was used 
to implement the encoder. Another PML2552 
was used to implement the decoder function. 
Three inputs on both devices permit selection 
of the desired encoding or decoding method. 


The decoder will flag transmitting errors 
based upon the specific coding rules of each 
format. 

This design is part of a testing device for 
cables and encoded serial data signals. 

Serial Encoding Formats 

This is a short explanation of the eight 
implemented codes: 

AMI - Code: 

(alternate mark inversion) A binary 1 is 
transmitted alternating as a high mark (+1, 
positive voltage level) and as a low mark 
(-1 , negative voltage level), a binary 0 
appears as space (0 Volt). 

HDBn - Code: 

(high density bipolar n) after n spaces will 
be included a code violation, i.e. the 
following "0" is transmitted as high mark 
or low mark depending on previous ”1": 
Was it sent as a high mark, the violation 
will be also a high mark. So a binary 0 is 


turned into a "wrong" mark that can be 
recognized and corrected by the receiver. 
A binary 1 after these n spaces will be 
sent as the alternating mark. 

IAMI - Code: 

(inverse AMI) same as AMI code, but 
binary 0 and 1 are swapped. 

RZ - Code: 

(return-to-zero), a binary 1 is transmitted 
as high mark returning to space after the 
half step time. 

NRZ- Code: 

(non-return-to-zero), it’s the same as the 
input of the coder, here will be amplified 
the signal amplitude only. 

Manchester - Code: 

binary 1 is transmitted as transition 
between high mark and low mark, binary 0 
switches from low mark to high mark. This 
code is free of any direct voltage, but 
requires the double bandwidth. 
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ENCODER 

Realizing the Encoder Using a 
PML2552 

Description of Encoder Facilities 

The encoder is designed as a Moore-type 
finite state machine. This structure of state 
machine ensures the output signals transition 
synchronously with the clock. Using a clock 
generated from a quartz oscillator, the data 
link can be provided on only one line, 
however, in this case the receiver must have 
extra circuitry such as a phase locked loop to 
extract the clock from the incoming data 
stream. The receiver must also be able to 


synchronize itself to the transmitter when the 
transmitter sends a special data pattern. 

Three additional pins are implemented in this 
design: Single and double bit clock (CP und 
CP2) and a signal for synchronization 
(/SYNC) of external devices. These pins are 
used in the testing device to trigger an 
oscilloscope and a pattern generator. 

To make a bipolar signal, the outputs Y[2,1] 
of the encoder must be connected with a 
subtractor realized with an OP-AMP. A 
schematic of the complete encoder circuit is 
shown in Figure 15. The following table 
shows dependencies between the encoder 
output and the output of the subtractor: 



Lowmark 

Space 

Highmark 

Y[2,1] 

10 

00 

01 


To run the encoder, pin CP4 should be 
connected to an oscillator running at 
quadruple the bit clock. After resetting by a 
LOW pulse on RESET, the encoder 
generates the synchronizing signal (SYNC). 
Outputs Y[2,1] are valid upon the falling 
edges of the clock (CP) after the /SYNC 
pulse. Refer to Figure 6 for timing 
information. 

Code will be chosen by a binary combination 
on pins S[2..0]: 


Code 

AMI 

HDB1 

HDB2 

HDB3 

IAMI 

RZ 

NRZ 

Manch. 

S[2..0] 

000 

001 

010 

011 

100 

101 

110 

Ill 


/Sync S2 SI SO 



Cp 2Cp X 

Figure 2. General Structure of Coder Unit 
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Structure of Encoder State Machine 

The finite state machine implementing the 
encoder has a total of nineteen states. Due to 
the complexity of a complete state diagram, 
and the size of this page, only a partial state 
diagram is shown in Figure 3. The state 
diagram of Figure 3 shows the encoding 
technique for the Alternate Mark Inversion 


(AMI) format. Operation of the complete 
state machine may be analyzed by studying 
the ©TRANSITIONS section in the 
CODER.EQN-file shown in Figure 5. 

Structure of Synchronizer State Machine 

The synchronizer was also realized as a 
Moore machine. A state diagram is shown in 


Figure 4. RESET initializes the state machine 
to State 0. After four clock pulses, the 
machine will be in State 4 and output SYNC 
is forced LOW. SYNC stays LOW for one 
more dock pulse, while in State 5, and 
returns HIGH when in State 6. The state 
machine will stay in State 6 until another 
RESET occurs. 
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0P INLIST 

sO 1; si i; s2 i; 

x i; 

cp4 1; 

reset i; 

yl o; y2 o; 

sync o; 

cp2 o; cp o; 

eGROOPS 

gTRUTHTABLE 

6 LOGIC EQUATIONS 

sy_r = /(/reset * cp4 * ztl) ; 

ztl. elk = cp4; ztl.j = /ztl; ztl.k = ztl; ztl.rst = / ( (ztl+zt2) */reset) ; 
zt2.clk = ztl; zt2 . j = /zt2; zt2.k = zt2; zt2.rst = / ( (ztl+zt2) */reset) ; 

cp2 = ztl; cp = zt2; 

zsl.clk = cp4; zs2.clk = cp4; zs3.clk = cp4; 
zsl.rst = sy_r; zs2.rst = sy_r; zs3.rst = sy_r; 

zz4.clk = ztl; zz3.clk = ztl; zz2.clk = ztl; zzl.clk — ztl; zzO.clk = ztl; 
zz4.rst = sy_r; zz3.rst = sy_r; zz2.rst = sy_r; zzl.rst = sy_r; zzO.rst = sy_r; 

6 INPUT VECTORS 
[s2, si, sO] 

ami = 000 B; hdbl = 001 B; hdb2 = 010 B; hdb3 = 011 B; 
iami = 100 B; rz = 101 B; nrz = 110 B; man = 111 B; 

[x] 

xO = 0 B; xl = 1 B; 

eoUTPUT VECTORS 
Iy2, yl] 

highm = 01 B; null = 00 B; lowm = 10B; 

[sync] 

sy = 0 B; nsy = 1 B; 

6 STATE VECTORS 

[zz4, zz3, zz2, zzl, zzO] jkffr 

zO = 00000 B; zl = 00001 B; z2 = 00010 B; z3 = 00011 B; 

z4 = 00100 B; z5 = 00101 B; z6 = 00110 B; z7 = 00111 B; 

z8 = 01000 B; z9 = 01001 B; zlO = 01010 B; zll = 01011 B; 

zl2 = 01100 B; zl3 = 01101 B; zl4 = OHIO B; zl5 = 01111 B; 

zl6 = 10000 B; zl7 = 10001 B; zl8 = 10010 B; 

[zs3, zs2, zsl] jkffr 

syO = 000 B; syl = 001 B; sy2 = 010 B; sy3 = Oil B; 
sy4 = 100 B; sy5 = 101 B; sy6 = 110 B; 

6 TRANSITIONS 
while [zO] with [null] 

if[] then[zl] 
while [zl] with [null] 

if[] then [z2] 
while [z2] with [null] 

if [ (iami*xl) + ( (ami+hdbl+hdb2+hdb3) *x0) ] 
if [man*x0] 
if [ (man+nrz) *xl] 

if [ (iami*x0) + ( (ami+rz+hdbl+hdb2+hdb3) *xl) ] 
if [ (nrz+rz) *x0] 
while [z3] with[highm] 

if [ ( (man+iami) *x0) + ( (ami+hdbl+hdb2+hdb3) *xl) ] 
if [man*xl] 
if [nrz] 

if [ ( (ami+hdbl+hdb2+hdb3) *x0) + (iami*xl) ] 
while [z4] with [lowm] 

if [ami+hdbl+hdb2+hdb3+iami] 
if [man*x0] 


Figure 5. Description File CODER.EQN (1 of 2) 


then [z5] 
then[z4] 
then[z3] 
then [z 12] 
then [z 13] 

then[z4] 
then [zll] 
then[zl2] 
then[zl3] 

then [zll] 
then [z 12] 
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while [z5] with [null] 


if [ami+hdbl+hdb2+hdb3+iami] 

then [z 6] 

while [z6] with [null] 


if [ (hdb2+hdb3 ) *x0 ] 

then[z7] 

if [hdbl*xO] 

then[z4] 

if [ (ami*xO) + (iami*xl) ] 

then [z5] 

if [ ( (ami+hdbl+hdb2+hdb3) *xl) + (iaml*xO) ] 

then [z 12] 

while [z7] with [null] 


if[] 

then [z8] 

while [z8] with [null] 


if [hdb3*x0] 

then [z9] 

if [hdb2*x0] 

then[z4] 

if [ (hdb2+hdb3 ) *xl] 

then [zl2] 

while [z9] with [null] 


iff] 

then [zlO] 

while [zlO] with [null] 


if [hdb3*x0] 

then [z4] 

if [hdb3*xl] 

then [zl2] 

while [zll] with[lowjn] 


if [ ( { ami +hdbl +hdb2 +hdb3 ) *x0) + <iami*xl) ] 

then [z5] 

if [man*xO] 

then [z4] 

if [man*xl] 

then [z3] 

if [ ( (ami+hdbl+hdb2+hdb3) *xl) + (iami*xO) ] 

then [zl2] 

while [zl2] withfhighm] 


if [man*xO] 

then [z4] 

if [rz+ (nrz*xO) ] 

then [z 13] 

if [ami+hdbl+hdb2+hdb3+iami+ ( (nrz+man) *xl) ] 

then [z3] 

while [zl3] with [null] 


if [rz*xO] 

then [z 13] 

if [rz*xl] 

then [z 12] 

if [ami+hdbl+hdb2+hdb3+iami+nrz] 

then [zl4] 

while [zl4j with [null] 


if [ ( (ami+hdbl+hdb2+hdb3) *xl) + (iami*xO) ] 

then [z4] 

if [nrz*xl] 

then[z3] 

if [hdbl*xO] 

then [z 12] 

if [ (hdb2+hdb3) *x0] 

then [z 15] 

while [zl5] with [null] 


iff] 

then [zl6] 

while [zl6] with [null] 


if [hdb2*x0] 

then [zl2] 

if [ (hdb2+hdb3) *xl] 

then [z4] 

if [hdb3*x0] 

then [zl7] 

while [zl7] with [null] 


iff] 

then [zl8] 

while [zl8] with [null] 


if [hdb3*x0] 

then [z 12] 

if [hdb3*xl] 

then [z4] 

while[syO] with[nsy] if[] then[syl] 


whilefsyl] with[nsy] if[] then[sy2] 


while[sy2] with[nsy] if[] then[sy3] 


while [sy3] with[nsy] if[] then[sy4] 


while [ sy4 ] with [ sy] if [ ] then [ sy5 ] 


while[sy5] with[ey] if[] then[sy6] 


while [sy6] with[nsy] if[] then[sy6] 


Figure 5. Description File CODER. EQN (2 of 2) 
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Timing simulation 

Timing Diagram of Synchronizer 



Figure 6. Timing Diagram of Generating the /SYNC Signal 
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Listings of Stimuli Files for Timing Simulation Using LESIM 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 09:56:50 * 

*************************************************** 

* * 

* Input File Name : AMI.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : AMI.SCL * 

* * 

★ ****★★****★**★***★★*★*★★'**★*★'*'****★■**★**■**★■*****★★ 

P S [2 . . 0] , X, CK2, Yl, Y2, ZZ[4..0], RESET 
PCO 

S 0 (200000) SO 
S 0 (200000) SI 
S 0 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SO time = 200000 
F 


Figure 7. Stimulus File AMI.SCL, Control Word On Inputs S[2..0]= 000B 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 09:56:50 * 

*************************************************** 

* * 

* Input File Name : HDB1.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : HDB1.SCL * 

* * 

P S [2 . . 0] , X, CK2, Yl, Y2, ZZ[4..0], RESET 
PCO 

S 1 (200000) SO 
S 0 (200000) SI 
S 0 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SU time = 200000 
F 


Figure 8. Stimulus File HDB1.SCL, Control Word On Inputs S[2..0]= 001 B 
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* Output of Waveform Version 

1.90 * 

* Date: 07/19/93 


Time: 09:56:50 * 

* ****************** ********************** ********** 

* 


★ 

* Input File Name 

: HDB2.SCL 

* 

* Rule File Name 

: Scl Rule 

★ 

* Output File Name 

: HDB2.SCL 

* 

* 


* 

*************************************************** I 

P S[2. .0], X, CK2 
PCO 

, Yl, Y2, ZZ [4 

.0], RESET 

S 0 (200000) SO 

S 1 (200000) SI 

S 0 (200000) S2 

S 0 (20500, 24500 

, 28500, 36500, 

52500, 64500, 104500, 112500, 116500, 

# 120500, 124500, 

128500) X 


S 0 (1000, 2000, 

ETC) CK2 


S 1 (100, 200) RESET 


SU time = 200000 

F 



Figure 9. Stimulus File HDB2.SCL, Control Word On Inputs S[2..0] = 010 B 


****************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 09:56:50 * 

*************************************************** 

* * 

* Input File Name : HDB3.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : HDB3.SCL * 

* * 
*************************************************** 

P S [2 . . 0] , X, CK2 ( Yl, Y2, ZZ[4..0], RESET 
PCO 

S 1 (200000) SO 
S 1 (200000) SI 
S 0 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SU time = 200000 
F 


Figure 10. Stimulus Fite HDB3.SCL, Control Word On Inputs S[2..0] = 011 B 
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* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 09:56:50 * 

*************************************************** 

* * 

* Input File Name : INVAMI.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : INV_AMI . SCL * 

* * 
*************************************************** 

P S[2..0], X, CK2, Yl, Y2, ZZ[4..0], RESET 
PCO 

S 0 (200000) SO 
S 0 (200000) SI 
S 1 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) X 
S 0 <1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SU time = 200000 
F 

Figure 11. Stimulus File INV_AMI.SCL, Control Word On Inputs S[2..0] = 100 B 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 09:56:50 * 

*************************************************** 

* * 

* Input File Name : RZ . SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : RZ.SCL * 

* * 
*************************************************** 

P S [2 . . 0] , X, CK2, Yl, Y2, ZZ[4..0], RESET 
PCO 

S 1 (200000) SO 
S 0 (200000) SI 
S 1 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 
# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SD time = 200000 
F 


Figure 12. Stimulus File RZ.SCL, Control Word On Inputs S[2..0] = 101 B 
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* Output of Waveform Version 

1.90 * 

* Date: 07/19/93 


Time: 09:56:50 * 

*************************************************** 

* 


* 

* Input File Name 

: NRZ.SCL 

* 

* Rule File Name 

: Scl Rule 

* 

* Output File Name 

: NRZ.SCL 

* 

* 


* 

*************************************************** 

P S [2 . . 0] , X, CK2 
PCO 

, Yl, Y2, ZZ [4 

.0], RESET 

S 0 (200000) SO 

S 1 (200000) SI 

S 1 (200000) S2 

S 0 (20500, 24500 

, 28500, 36500 

52500, 64500, 104500, 112500, 116500, 

# 120500, 124500, 

128500) X 


S 0 (1000, 2000, 

ETC) CK2 


S 1 (100, 200) RESET 


SO time = 200000 

F 



Figure 13. Stimulus File NRZ.SCL, Control Word On inputs S[2..0] = 110 B 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 09:56:50 * 

*************************************************** 

* * 

* Input File Name : MANCHEST . SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : MANCHEST. SCL * 

* * 

******* *********** ** ****** ** *** ******* *** ********** 

P S [2 . . 0] , X, CK2 , Yl, Y2, ZZ[4..0], RESET 
PCO 

S 1 (200000) SO 
S 1 (200000) SI 
S 1 (200000) S2 

S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 

# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SO time = 200000 
F 

Figure 14. Stimulus File MANCHEST.SCL, Control Word On Inputs S[2..0] = 111 B 
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DECODER 

Realizing the Decoder Using a 
PML2552 

Description of Decoder 

The decoding unit is also realized as a Moore 
machine. The capability to recognize 
transmission errors can also be implemented 
as a state machine. So, actually, the 
decoding and error detection functions are 
combined and written as one state machine. 


The SNAP state equations for the decoder 
and error detection functions are shown in 
Figure 18. 

Pin 2CP of the decoder must be connected to 
a double bit clock. Resetting the decoder 
brings it in the initial state. It is necessary to 
convert the incoming bipolar sequence into 
two digital signals to be applied to the two 
decoder inputs. This splitter is made in the 
testing device by two voltage comparators as 


shown in Figure 18. Synchronized by a LOW 
pulse on the SYNC input, the decoder 
converts the serially encoded sequence into 
binary information on output Y. 



Lowmark 

Space 

Highmark 

Y[2,1] 

10 

00 

01 


Code will be chosen by a binary combination 
on pins S[2..0]: 
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If an error should occur, the decoder will set 
output ERROR to a HIGH. Output Y will 
remain LOW until a reset and synchronization 
cycle begins. Using this facility, a layer II of 
the OSI stack can be controlled by the 
decoder unit and the decoder can get its 
RESET and SYNC inputs from layer II. 


Structure of Decoders State Machine 

The state diagram shown in Figure 17 shows 
only the AMI portion of the decoder. For 
detailed information on the operation of the 
decoder for other formats, refer to the 
@TRANSISTIONS section of the SNAP state 
equation listing shown in Figure 18. 



Figure 17. State Diagram of AMI Decoder 
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Listing of Description File DECODER. EQN 


6P INLIST 


sO i; si 1; s2 i; 


xl i; x2 i; 


ck2 i; 


reset i; 


sync i; 


y 


f o; 


8 GROUPS 


6 TRUTHT ABLE 


6 LOGIC EQUATIONS 


zzS.clk = ck2; zz4.clk = ck2; zz3.dk = ck2; 


zz2.dk = ck2; zzl.dk = ck2; zzO.dk = ck2; 


zz5.rst = reset; zz4.set = reset; zz3.rst = reset; 


zz2.rst = reset; zzl.rst = reset; zzO.rst = reset; 


@ INPUT VECTORS 


[s2, si, sO] 


ami = 000 B; hdbl = 001 B; hdb2 = 010 B; hdb3 = 011 B; 


I ami = 100 B; rz = 101 B; nrz = 110 B; man = 111 B; 


[x2, xl] 


highm = 11 B; lowm = 00 B; spc = 10 B; 


[sync] 


sy = 1 B; nsy = 0 B; 


eOUTPUT VECTORS 


[y, £] 


high = 10 B; low = 00 B; err = 01 B; 


8STATE VECTORS 


[zz5, zz4, zz3, zz2, zzl, zzO] jkffsr 


zO = 010000 B; zl = 000010 B; z2 = 100000 B; z3 = 000011 B; 


z4 = 000100 B; z5 = 000101 B; z6 = 001011 B; z7 = 001001 B; 


z8 = 010010 B; z9 = 010001 B; zlO = 000001 B; zll = 110000 B; 


zl2 = 001000 B; zl3 = 101000 B; zl4 = 100101 B; zl5 = 100100 B; 


zl6 = 100011 B; zl7 = 100010 B; zl8 = 000000 B; zl9 = 101001 B; 


z20 = 100001 B; z21 = 000110 B; z22 = 000111 B; 


6 TRANSITIONS 


while [zO] with [low] 


if [sy] 

then [zO] 

if [nsy* ( (lowm* (ami+hdbl+hdb2+hdb3) ) + (highm* (rz+nrz+man) ) ) ] 

then [z 10] 

if [nsy* ( (spc* (hdbl+hdb2+hdb3) ) + (highm*iami) + (lowm*man) ) ] 

then [z 12] 

if [nsy* (spc* (ami+rz+nrz) ) ] 

thenfzl] 

if [nsy* (highm* (ami+hdbl+hdb2+hdb3) ) ] 

then [z2] 

if [nsy*lowm*iami] 

then[z4] 

if [nsy* ( (lowm* (rz+nrz) ) +(spc*man) ) ] 

then [zl8] 

while [zl] with [low] 


if [spc* (ami+rz+nrz) ] 

then [zl] 

if [ (lowm*ami) + (highm* (rz+nrz+man) ) ] 

then [zlO] 

if [lowm*man] 

then [z 12] 

if [highm*ami] 

then[z2] 

if [ (lowm* (rz+nrz) )+(spc*man) ] 

then [zl8] 

while [z2] with [high] 


if [ami+hdbl+hdb2+hdb3+iami] 

then[z3] 

while [z3] with [high] 


if [lowm* (ami+hdbl+hdb2+hdb3) ] 

then [zlO] 

if [ (spc* (ami+hdbl+hdb2+hdb3) ) + (iami*lowm) ] 

then [z4] 

if [highm* (ami+hdbl+hdb2+hdb3+iami) J 

then [zl8] 

if [spc*iami] 

then[z2] 

while [z4] with [low] 


if [hdbl+hdb2+hdb3+iami] 

then[z5] 

if [ami] 

then [zl] 

Figure 18. Description File DECODER.EQN (1 of 2) 
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while [z5] with [low] 

if [spo* (hdb2+hdb3) ] 

then [z6] 

if [ (lowm* (hdbl+hdb2+hdb3) ) + (spc*iami) ] 

then [zlO] 

if [highm*iami] 

then [zl2] 

if [highm*hdbl] 

then [z21] 

if [ (highm* (hdb2+hdb3) ) + (lowm*iami) + (spc*hdbl) ] 

then [zl8] 

while [z6] with [low] 

if [hdb2+hdb3] 

then [z7] 

while [z7] with [low] 

if [highm*hdb2] 

then [z21] 

if [lowm* (hdb2+hdb3) ] 

then [zlO] 

if [ (highm*hdb3 ) + ( spo*hdb2 ) ] 

then [zl8] 

if [spc*hdb3] 

then [z8] 

while [z8] with [low] 

if [hdb3] 

then [z9] 

while [z9] with [low] 

if [spc*hdb3] 

then [zl8] 

if [highm*hdb3] 

then [z21] 

if [ lowm*hdb3 ] 

then [zlO] 

while [zlO] with[high] 

if [man* (spc+highm) ] 

then [zl8] 

if [iami+ami+hdbl+hdb2+hdb3+rz+nrz+ (man*lowm) ] 

then [zll] 

while [zll] with [high] 

if [highm* (ami+hdbl+hdb2+hdb3) ] 

then [z2] 

if [ (highm* (rz-hnrz+man) ) + (spc*iami) ] 

then [zlO] 

if [ (spc* (ami+hdbl+hdb2+hdb3) ) + (highm*iami) + (lowm*man) ] 

then [z 12] 

if [spc* (rz+nrz) ] 

then [zl] 

if [ (lowm* (iami+ami+hclbl+hdb2+hdb3+rz+nrz) ) +(spc*man) ] 

then [zl8] 

while [zl2] with [low] 

if [man* (spc+lowm) ] 

then [zl8] 

if [ (highm*man) +ami] 

then [zl] 

if [ iami+hdbl+hdb2+hdb3 ] 

then [zl3] 

while [zl3] with [low] 

if [ lowm*hdbl] 

then [zl9] 

if [spc*iami] 

then [z2] 

if [highm* (hdbl+hdb2+hdb3) ] 

then[z2] 

if [ (highm*iami) + (lowm* (hdb2+hdb3) ) + (hdbl*spc) ] 

then [zl8] 

if [lowm*iami] 

then [z4] 

if [spc* (hdb2+hdb3) ] 

then [zl4] 

while [zl4] with [low] 

if [hdb2+hdb3] 

then [zl5] 

while [zl5] with [low] 

if [spc*hdb3] 

then [zl6] 

if [highm* (hdb2+hdb3) ] 

then [z2] 

if [ ( lowm*hdb3 ) + ( spc*hdb2 ) ] 

then [zl8] 

if [lowm*hdh2] 

then [zl9] 

while [zl6] with [low] 

if [hdb3] 

then [zl7] 

while [zl7] with [low] 

if [spc*hdb3] 

then [zl8] 

if [highm*hdb3] 

then [z2] 

if [ lowm*hdb3 ] 

then [zl9] 

while [zl8] with [err] 

if [] 

then [zl8] 

while [zl9] with[low] 

if [hdbl+hdb2+hdb3] 

then [z20] 

while [z20] with [low] 

if [lowm* (hdbl+hdb2+hdb3) ] 

then [zl8] 

if [highm* (hdbl+hdb2+hdb3) ] 

then [z2] 

if [spc* (hdbl+hdb2+hdb3) ] 

then [z 12] 

while [z21] with [low] 

if [hdbl+hdb2+hdb3] 

then [z22] 

while [z22] with [low] 

if [lowm* (hdbl+hdb2+hdb3) ] 

then [zlO] 

if [highm* (hdbl+hdb2+hdb3) ] 

then [zl8] 

if [spc* (hdhl+hdb2+hdb3) ] 

then [z4] 

Figure 18. Description File DECODER.EQN (2 of 2) 
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Listings of Stimulus Files for Timing Simulation Using LESIM 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 06/08/93 Time: 19:25:46 * 

*************************************************** 


* Input File Name 

* Rule File Name 

* Output File Name 


: AMI . SCL 
: Sol Rule 
: AMI. SCL 


56500, 

60500, 


100500, 104500, 
104500, 108500, 


*************************************************** 

P S [2 . . 0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 0 (16500, 20500, 28500, 32500, 52500, 

# 112500, 116500) XI 
S 1 (24500, 28500, 48500, 52500, 56500, 

# 120500, 124500) X2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 

S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 0 (200000) SI 
S 0 (200000) SO 
SO time = 200000 
F 

Figure 20. Stimulus File AMI.SCL, Control Word On Inputs S[2..0] = 000 B 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 06/08/93 Time: 19:25:46 * 

*************************************************** 

* * 

* Input File Name : HDB1.SCL * 

* Rule File Name : Sol Rule * 

* Output File Name : HDB1.SCL * 

* * 
*************************************************** 

P S [2 . . 0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 0 (16500, 20500, 28500, 32500, 36500, 40500, 44500, 48500, 52500, 56500, 

# 100500, 104500, 112500, 116500) XI 

S 1 (4500, 8500, 12500, 16500, 24500, 28500, 48500, 52500, 56500, 60500, 

# 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 96500, 100500, 

# 104500, 108500, 120500, 124500) X2 
S 0 (300, 400) SYNC 

S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 0 (200000) SI 
S 1 (200000) SO 
SD time = 200000 
F 


Figure 21 . Stimulus File HDB1 .SCL, Control Word On Inputs S[2..0] = 001 B 
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* Output of Waveform Version 1.90 * 

* Date: 06/08/93 Time: 19:25:46 * 

*************************************************** 

* * 

* Input File Name : HDB2.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : HDB2.SCL * 

* * 
*************************************************** 

P S[2..0], XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 0 (16500, 20500, 28500, 32500, 40500, 44500, 52500, 56500, 

# 100500, 104500, 112500, 116500) XI 

S 1 (8500, 12500, 24500, 28500, 48500, 52500, 56500, 60500, 68500, 

# 72500, 80500, 84500, 92500, 96500, 104500, 108500, 120500, 124500) X2 
S 0 (300, 400) SYNC 

S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 1 (200000) SI 
S 0 (200000) SO 
SO time = 200000 
F 

Figure 22. Stimulus File HDB2.SCL, Control Word On Inputs S[2..0] = 010 B 


*************************************************** 


Output of Waveform Version 1 . 90 


* Date: 06/08/93 


Time: 19:25:46 * 


*************************************************** 

* * 

* Input File Name : HDB3.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : HDB3.SCL * 

* * 
*************************************************** 

P S [2 . . 0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 0 (16500, 20500, 28500, 32500, 44500, 48500, 52500, 56500, 

# 100500, 104500, 112500, 116500) XI 

S 1 (12500, 16500, 24500, 28500, 48500, 52500, 56500, 60500, 72500, 

# 76500, 88500, 92500, 104500, 108500," 120500, 124500) X2 
S 0 (300, 400) SYNC 

S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 1 (200000) SI 
S 1 (200000) SO 
SU time = 200000 


Figure 23. Stimulus File HDB3.SCL, Control Word On Inputs S[2..0] = 011 B 
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* Output of Waveform Version 1.90 * 

* Date: 06/08/93 Time: 19:25:46 * 

*************************************************** 


* Input File Name 

* Rule File Name 

* Output File Name 


INV_AMI . SCL 
Scl Rule 
INV AMI. SCL 


*************************************************** 

P S [2 . .0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 0 (500, 4500, 8500, 12500, 20500, 24500, 36500, 40500, 44500, 

* 48500, 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 
« 96500, 100500, 116500, 120500) XI 

S 1 (4500, 8500, 12500, 16500, 32500, 36500, 40500, 44500, 

* 60500, 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 

* 96500, 108500, 112500, 124500, 128500) X2 
S 0 (300, 400) SYNC 

S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 1 (200000) S2 
S 0 (200000) SI 
S 0 (200000) SO 
SD time = 200000 
F 


Figure 24. Stimulus File INV_AMI.SCL, Control Word On Inputs S[2..0] = 100 B 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 16:01:57 * 

*************************************************** 

* * 

* Input File Name : RZ.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : RZ.SCL * 

* * 

***************** ********************** ************ 

P S [2 . . 0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 1 (200000) S2 
S 0 (200000) SI 
S 1 (200000) SO 

S 0 (16500, 18500, 24500, 26500, 28500, 30500, 48500, 50500, 52500, 

# 54500, 56500, 58500, 100500, 102500, 104500, 106500, 112500, 114500, 

# 120500, 122500) XI 
S 1 (200010) X2 

S 0 (1000, 2000, ETC) CK2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
SD time = 200000 
F 


Figure 25. Stimulus File RZ.SCL, Control Word On Inputs S[2..0] = 101 B 
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* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 16:01:57 * 

*************************************************** 

* Input File Name : NRZ.SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : NRZ.SCL * 

*************************************************** 

P S [2 . . 0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 1 (200000) S2 
S 1 (200000) SI 
S 0 (200000) SO 

S 0 (16500, 20500, 26500, 32500, 48500, 60500, 100500, 108500, 

* 112500, 116500, 120500, 124500) XI 
S 1 (200010) X2 

S 0 (1000, 2000, ETC) CK2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
SU time = 200000 
F 


Figure 26. Stimulus File NRZ.SCL, Control Word On Inputs S[2..0] = 110 B 


*************************************************** 

* Output of Waveform Version 1.90 * 

* Date: 07/19/93 Time: 16:01:57 * 

*************************************************** 

* Input File Name : MANCHEST . SCL * 

* Rule File Name : Scl Rule * 

* Output File Name : MANCHEST. SCL * 

*************************************************** 

P S [2 . . 0] , XI, X2, CK2, Y, ZZ[4..0], SYNC, RESET, F 
PCO 

S 1 (200000) S2 
S 1 (200000) SI 
S 1 (200000) SO 


S 0 (2500, 4500 

, 6500, 

, 8500, 

10500, 

12500 

, 14500, 

18500, 

22500, 

# 26500, 

28500, 

30500, 

34500, 

36500, 

38500 

, 40500, 

42500, 

44500, 

# 46500, 

50500, 

52500, 

54500, 

56500, 

58500 

, 62500, 

64500, 

66500, 

# 68500, 

70500, 

72500, 

74500, 

76500, 

78500 

, 80500, 

82500, 

84500, 

# 86500, 

88500, 

90500, 

92500, 

94500, 

96500 

, 98500, 

102500, 

104500 

# 106500, 

110500 

, 114500, 118500, 122500, : 

126500, 

128500) 

XI 

S 0 (2500, 4500 

, 6500, 

, 8500, 

10500, 

12500 

, 14500, 

18500, 

22500, 

# 26500, 

28500, 

30500, 

34500, 

36500, 

38500 

, 40500, 

42500, 

44500, 

# 46500, 

50500, 

52500, 

54500, 

56500, 

58500 

, 62500, 

64500, 

66500, 

# 68500, 

70500, 

72500, 

74500, 

76500, 

78500 

, 80500, 

82500, 

84500, 

# 86500, 

88500, 

90500, 

92500, 

94500, 

96500 

, 98500, 

102500, 

104500 

# 106500, 

110500 

, 114500, 118500, 122500, : 

126500, 

128500) 

X2 

S 0 (1000, 2000 

, ETC) 

CK2 






S 0 (30C 

1, 400) 

SYNC 








S 1 (100, 200) RESET 
SU time = 200000 
F 

Figure 27. Stimulus Fife MANCHEST.SCL, Control Word On Inputs S[2..0] = 111 B 
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Figure 28. Wiring of Decoder Unit 
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WIRING OF THE ENCODER AND DECODER UNITS FOR TESTING 



Figure 29. Wiring of the Encoder and Decoder Units for Testing 


October 1993 


874 









Programmable Logic Devices 


Section 1 2 

Package Outlines 


0400E 20-Pin (350 mils wide) Plastic Leaded Chip Carrier (A) Package 877 

0401 F 28-Pin (300 mils wide) Plastic Leaded Chip Carrier (A) Package 878 

0397E 52-Pin Plastic Leaded Chip Carrier (A) Package 879 

0398E 68-Pin Plastic Leaded Chip Carrier (A) Package 880 

0399F 84-Pin Plastic Leaded Chip Carrier (A) Package 881 

0584B 20-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with window 

(FA) Package) 882 

0586B 24-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with Window 

(FA) Package) 883 

0589 B 28-Pin (600 mils wide) Ceramic Dual In-line (F) Package (with Window 

(FA) Package) 884 

1473A 68-Pin CerQuad J-Bend (K) Package 885 

1551 84-Pin CerQuad J-Bend (K) package 886 

0408B 20-Pin (300 mils wide) Plastic Dual In-Line (N) Package 887 

0410D 24-Pin (300 mils wide) Plastic Dual In-Line (N) Package 888 

0413B 28-Pin (600 mils wide) Plastic Dual In-Line (N) Package 889 

0864D 28-Pin (300 mils wide) Plastic Dual In-Line (N) Package 890 

01 72D 20-Pin (300 mils wide) Plastic SOL (Small Outline Large) 

Dual In-Line (D) Package 891 

01 73D 24-Pin (300 mils wide) Plastic SOL (Small Outline Large) 

Dual In-Line (D) Package 892 
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0.007 (0.18) ©I B©|D-E(S 
XI 0-002 IN ^IN | B 

t- ' 


0.395(10.03) 
0.385 (9.78) ’ 


| 0.007 (0.18)(D| A©| F-O ( 


0.010(0.25) MAX, R 
3 PLACES 


AW 


0.356 (9.04) 
0.350 (8.89) 



1 0.007 (0.18XDI B® [ D-E ©1 


0.395(10.03) 
0.385 (9.78) 


| 0.050(1.27) | - 
4 SIDES 

<fr| 0.007 (0.18) (D| A©| F-G ©1 
J_ 0.002 IN /IN I A 
-B-l A 


0.356 (9,04) 
0.350 (8.89) 


® 

0.032 (0.81 ) 
0.026 (0,66) 


Qj 0.004(0.10)1 SEATING PLANE 


Xp- 
z p 
“/A 


0.120(3.05 ) 
0.090 (2.29) 



NOTES 

1 . Package dimensions conform to JEDEC Specification MO-04 7-AA 
for Plastic Leaded Chip Carrier 20 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

A Datum plane “-H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

A Location to datum “-A-” and "-B-” to be determined at plane These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 

A Datum “D-E" and “F-G” are determined where these center leads 
exit from the body at plane 

7. Pin numbers continue counterclockwise to Pin 20 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
“A" after the product number. 

A Applicable to packages with pedestal only. 


0.021 (0.53 ) 
0.013 (0.33) 
0.330 (8.38) 
0.290 (7.37) 


0.180(4.57) 

0.165(4.19) 

0.007 (0.18) ®| D-E ©. F-G ® ] 


A 0.015(0.38) r 

oon c 0-020 (0.5) MIN. 

0.005 (0. 1 3) CLEARANCE W/O 
PEDESTAL PEDESTAL 

CLEARANCE L ^tsiAL _ 



0.198 (5.03) 
0.194 (4.93) 


10.010 (0.25)(C)| A®| B(j 
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jF 0.007 (0.18) ® I B©1 D-e ©I 
I 0.002 IN / IN I B 

h 


0.010 (0.25) MAX. R 
3 PLACES 


0.495 (12.57) 
0.485 (12.32) 


| 0.007 (0.18)® | A® | F-G ®] 


( 0.300(7.62) 

PR 

A S 


1 0.007 (0.18)®| B(D| D-E ©~| 


0.456(11.58) 

0.450(11.43) 


APR 


0.048(1,22 ) w 
0.042(1.07) X45 

| 0.050(1.27) 
4 SIDES 


1 

0.007(0.18) © 

± 

0.002 IN / IN | A 


ru-ee] 

A 


0.056(1.42 ) , 
0.042(1.07) ' 


0.032(0,81 ) 

0.026(0.66)' 


Q| 0.004(0,10)1 SEATING PLANE 


• — *j | K 

ANE / | 

/ I 0.021 (0. 


0.021 (0.53 ) 
0.013(0.33) ' 
0.430 (10.92) 


0.300 (7.62) I 0-495 (12.57) 
0.485(12.32) 


0.025 (0.64) MIN. 


0.120(3.05 ) 
0.090 (2.29) 


0.180(4,57) 

0.165(4.19) 

1 0.007 (0.18) ® | D-E © , F-G ® | 


1 . Package dimensions conform to JEDEC Specification MO-047-AB 
for Plastic Leaded Chip Carrier 28 leads, 0.050 inch (1 ,27mm) lead 
spacing, square. (Issue A, 10/31/84.) 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

A Datum plane “-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

A Location to datum “-A-" and “-B-" to be determined at plane These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 

A Datum “D-E” and “F-G” are determined where these center leads 
exit from the body at plane “-H-”. 

7. Pin numbers continue counterclockwise to Pin 28 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
“A" after the product number. 

A Applicable to packages with pedestal only. 

A Location of Pin #1 mark is optional. Mark on chamfered side is preferred. 


0,015(0.38) 

0.005(0.13) 


(0.38 r -1 

TT-rr 0.020 (0.5) MIN. 
(0.13) CLEARANCE W/O 

WNCE L PEDESTAL J 


0.224 (5.69) 
0.218(5.54) 


0.010 (0.25)©| A(i 
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0.010(0.25) MAX. R 
3 PLACES 


0,756 (19.20) 
0.750(19.05) 


0.795 (20.19) 
0.785(19.94) 

| 0.600 (15.24)" 

— 1 H ~ g ~ 1A 


ir;a M.:.ni.»i:ivt] iT3irgi3i| 



0.795 (20.19) 
0.785(19.94) 


g UJ'U Tl 

50 J L-f 


— ^ U- |-F-|/6\ 

0.050(1.27) 1 4 SIDES 

0.756 (19.20) 

0.750 (19.05) 


0,007(0.18) ® A®| F-G ®| 
J_ 0.002 IN / IN I A 


0.007(0.18) ® B©lP-E(D| 
jj 0-002 IN /IN | B| 


0.042(1.07) 

A 

Fh^T 


“r 


® 

0.032(0.81 ) 
0.026 (0.66) " 


0.025 (0.6 41 MIN. 


0.120(3.05 ) 
0.090 (2.29) 


0.180(4.57) 

0.165(4.19) 


NOTES 

1 . Package dimensions conform to JEDEC Specification MO-047-AD 
for Plastic Leaded Chip Carrier 52 leads, 0.050 inch (1 .27mm) lead 
spacing, square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing perANSI Y14.5M-1982. 

A Datum plane “-H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

A Location to datum “-A-" and “-B-” to be determined at plane These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010” (0.25mm) on any side. 

A Datum “D-E” and “F-G” are determined where these center leads 
exit from the body at plane 

7. Pin numbers continue counterclockwise to Pin 52 (top view). 

3. Signetics order code for product packaged in a PLCC is the suffix 
“A" after the product number. 

A Applicable to packages with pedestal only. 


A 0-015(0.38) 0.020 (0.5) MIN 

42A 0.005 (0.13) CLEARANCE W/O 
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7(0.18)®[B®|D-E©[ 



1.195 (30.35) 
1.185 (30.10) 




notes 

1 . Package dimensions conform to JEDEC Specification MO-047-AF 
for Plastic Leaded Chip Carrier 84 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are 
shown in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

A Datum plane “-H-" located at the top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 

& Location to datum “-A-” and "-B-” to be determined at plane 
These datums do not include mold flash. Mold flash protrusion 
shall not exceed 0.010” (0.25mm) on any side. 

Datum “D-E” and “F-G” are determined where these center leads 
exit from the body at plane 

7. Pin numbers continue counterclockwise to Pin 84 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
“A” after the product number. 

A\ Applicable to packages with pedestal only. 

m Location of Pin #1 mark is optional. Mark on chamfered side is 
preferred. 


0.020 (0.5) MIN. 
CLEARANCE W/O 
PEDESTAL 


A 0.015(0.38) 
0.005(0.13) 
PEDESTAL 
CLEARANCE 
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NOTES: 

1 . Controlling dimension: Inches. Millimeters are 
shown in parentheses. 

2. Dimension and tolerandng per ANSI Y14. 5M-1982. 

3. “T”, "D”, and “E” are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 

5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #20 when viewed 
from the top. 

® 6. Denotes window location for EPROM products. 
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NOTES: 

1. Controlling dimension: Inches. Millimeters are 
shown in parentheses. 

2. Dimension and tolerancing per ANSI Y14. 5M-1982. 

3. “T”, “D", and “E” are reference datums on the body 
and include allowance for alass overrun and meniscus 
on the seal line, and lid to Base mismatch. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 

5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #28 when viewed 
from the top. 

® 6. Denotes window location for EPROM products. 
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|D(D|0.004 (0.10)1- 



1.057(26.85 ) 
1.045 (26.54) 


1. Controlling dimension: Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEDEC Specification MS-001 -AE 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 20 leads (Issue B, 7/85). 

3. Dimension and tolerancing per ANSI Y14, 5M- 1982. 

4. “T”, “D”, and “E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 

5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #20 when viewed from the top. 


0.064 (1,63 ) 
0.045 (1.14) 



0.160 (4,06 ) 
0.135 (3.43) 


0.022 (0.56 ) 
0.017(0.43)' 


0.138(3.51 ) 
0.120 (3.05) 


T E p © 0.010 (0.25) d 


0.135 (3.43 ) 
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0.020(0.51) 


0.015 (0.38 ) 
0.010 (0.25) 


0.320 (8.13 ) 
0.300 (7.62) ~*" 
(NOTE 5) 

~ 1 



BSC 

0.300 (7.62) — 
(NOTE 5) 

0.395 (10.03 ) 
0.300 ( 7.62) ~ 
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0.100(2.54) BSC 


1.256(31.90) 


1.240(31.50) 


NOTES: 

1. Controlling dimension: Inches. Metric are shown in parentheses. 

x- 2. Package dimensions conform to JEDEC Specification MS-001-AF 

f for standard Dual In-Line (DIP) package 0.300 inch row spacing 

I ® (plastic) 24 leads (Issue B, 7/85). 

0265 (6.73 ) 

0.255(6.48) 3. Dimension and tolerandng per ANSI Y14, 5M- 1982. 

I 4. “T”, “D”, and “E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 

5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #24 when viewed from the top. 
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0.022 (0.56 ) 
0.017(0.43) 


0.545 (13.84) 


NOTES: 

1. Controlling dimension: Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEDEC Specification MS-01 1-AB 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 
(plastic) 28 leads (Issue B, 7/84). 

3. Dimension and tolerancing per ANSI Y14, 5M - 1982. 

4. “T", “D", and "E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 

5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #28 when viewed from the top. 
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1.425(35.63 ) 

1.415(35.38) 


0.055(1.40 ) , 
0.045(1.14) 


1 . Controlling dimension: Inches. Metric are 
shown in parentheses. 

2. Dimension and tolerandng per ANSI Y14, 5M - 1 982. 

3. “T", “D”, and “E" are reference datums on the 
molded body and do not include mold flash or 
protrusions which shall not exceed 0.010 inch 
(0.25mm) on any side. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 

5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin#28 when viewed 
from the top. 

A Lead tip taper is required after trimming. 
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0.300 (7.62) ' 
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■f(})-|D®l 0.10 (0.004^ 



10.65 (0.419 ) 

10.26 (0.404) 

0-1 E ©[ 0.25 (0.010)® 


1.27(0.050) BSC 


13.00(0.512) ® 
12.60 (0.496) 



NOTES 

1. Package dimensions conform to JEDEC Specification MS-013-AC 
for standard Small Outline (SO) package, 20 leads, 7.50mm (0.300") 
body width (Issue A, June 1985). 

2. Controlling dimensions are mm. Inch dimensions in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

4. “D" and “E” are reference datums on the molded body and do not 
include mold flash/protrusions. Mold flash/protrusions at “D" shall not 
exceed 0.15mm (0.006") per side. Inter-lead flash/protrusions at “E" 
shall not exceed 0.25mm (0.010") per side. 

5. The lead width above the seating plane shall not exceed a maximum 
value of 0.61mm (0.024"). 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #20 when viewed from top. 

7. Signetics ordering code for a product packaged in a plastic Small 
Outline (SO) package is the suffix D after the product number. 


|S0EEEII]| 



2.65 (0.104 ) 
2.35 (0.093) 


0.32 (0.013) 





0.30 (0.012) 




1.07 (0.042) 
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~|-$-|0®i 0.10<0.004)|- 


7.60 (0.299) 
7.40(0.291) 



10.65 (0.419 ) 
10.26(0.404) 
0-1 E©| 0.25 ( 


uu 


15.60(0.614) ® 
15.20(0.598) “ 



NOTES 

1 . Package dimensions conform to JEDEC Specification 
MS-01 3-AD for standard Small Outline (SO) package, 

24 leads, 7.50mm (0.300") body width (Issue A. June 1985). 

2. Controlling dimensions are mm. Inch dimensions in 
parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

4. “D” and “E” are reference datums on the molded body and do 
not include mold flash/protrusions. Mold flash/protrusions 

at “D" shall not exceed 0.15mm (0.006") per side. Inter-lead 
flash/protrusions at “E" shall not exceed 0.25mm (0.010”) 
per side. 

5. The lead width above the seating plane shall not exceed 
a maximum value of 0.61mm (0.024"). 

6. Pin numbers start with Pin #1 and continue counterclockwise 
to Pin #24 when viewed from top. 

7. Signetics ordering code for a product packaged in a plastic 
Small Outline (SO) package is the suffix D after the 
product number. 



2.65(0.104 ) 
2.35 (0.093) 




0.32 (0.013) 





0.X (0.012) 
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North American Sales Offices, Representatives 
and Distributors 


PHILIPS 

SEMICONDUCTORS 

811 East Arques Avenue 
P.O. Box 3409 
Sunnyvale, CA 94088-3409 

ALABAMA 

Huntsville 

Philips Semiconductors 
Phone:(205)464-0111 

Elcom, Inc. 

Phone: (205) 830-4001 

ARIZONA 

Scottsdale 

Thom Luke Sales, Inc. 
Phone: (602) 451-5400 

CALIFORNIA 

Calabasas 

Philips Semiconductors 
Phone: (81 8) 880-6304 

Irvine 

Philips Semiconductors 
Phone: (71 4) 833-8980 
(714) 752-2780 

Orangevale 

Webster Associates 
Phone: (916) 989 0843 

San Diego 

Philips Semiconductors 
Phone: (619) 560-0242 

San Jose 

B.A.E. Sales, Inc. 

Phone: (408) 452-8133 

Sunnyvale 

Philips Semiconductors 
Phone: (408) 991-3737 

COLORADO 

Englewood 

Philips Semiconductors 
Phone: (303) 792-9011 

Thom Luke Sales, Inc. 
Phone: (303) 649-9717 

CONNECTICUT 

Wallingford 

JEBCO 

Phone: (203) 265-1318 

FLORIDA 

Oviedo 

Conley and Assoc., Inc. 
Phone: (407) 365-3283 

GEORGIA 

Atlanta 

Philips Semiconductors 
Phone: (404) 594-1392 

Norcross 

Elcom, Inc. 

Phone: (404) 447-8200 

ILLINOIS 
Hoffman Estates 

Micro-Tex, Inc. 

Phone: (708) 765-3000 


Itasca 

Philips Semiconductors 
Phone: (708) 250-0050 

INDIANA 

Indianapolis 

Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 

Kokomo 

Philips Semiconductors 
Phone:(317)459-5355 

MARYLAND 

Columbia 

Third Wave Solutions, Inc. 
Phone: (410) 290-5990 

MASSACHUSETTS 

Chelmsford 

JEBCO 

Phone: (508) 256-5800 

Westford 

Philips Semiconductors 
Phone:(508)692-6211 

MICHIGAN 

Monroe 

S-J Associates 
Phone: (313) 242-0450 

Novi 

Philips Semiconductors 
Phone: (313) 347-1700 

MINNESOTA 

Bloomington 

High Technology Sales 
Phone: (612)844-9933 

MISSOURI 

Bridgeton 

Centech, Inc. 

Phone: (314) 291-4230 

Raytown 

Centech, Inc. 
Phone:(816)358-8100 

NEW JERSEY 
Toms River 

Philips Semiconductors 
Phone: (908)505-1200 

NEW YORK 
Ithaca 

Bob Dean, Inc. 

Phone: (607) 257-1111 

Rockville Centre 

S-J Associates 
Phone: (516) 536-4242 

Wappingers Falls 

Philips Semiconductors 
Phone: (914) 297-4074 

Bob Dean, Inc. 

Phone: (914) 297-6406 

NORTH CAROLINA 
Greensboro 

ADI, Inc. 

Phone: (919) 273-8887 

Matthews 

ADI, Inc. 

Phone: (704) 847-4323 


Smithfield 

ADI, Inc. 

Phone: (919)934-8136 

OHIO 

Aurora 

S-J Associates, Inc. 
Phone:(216)562-2050 

Columbus 

S-J Associates, Inc. 
Phone:(614)885-6700 

Kettering 

S-J Associates, Inc. 
Phone: (513) 298-7322 

Parma 

S-J Associates, Inc. 
Phone:(216)888-7004 

Toledo 

S-J Associates, Inc. 
Phone:(313)242-0450 

West Carrollton 

S-J Associates, Inc. 
Phone:(513)438-1700 

OREGON 

Beaverton 

Philips Semiconductors 
Phone: (503) 627-0110 

Western Technical Sales 
Phone: (503) 644-8860 

PENNSYLVANIA 

Erie 

S-J Associates, Inc. 
Phone: (21 6) 888-7004 

Hatboro 

Delta Technical Sales, Inc. 
Phone: (21 5) 957-0600 

Pittsburgh 

S-J Associates, Inc. 
Phone: (216) 888-7004 

Plymouth Meeting 

Philips Semiconductors 
Phone:(215)825-4404 

TENNESSEE 

Greeneville 

Philips Semiconductors 
Phone:(615)639-0251 

TEXAS 

Austin 

Philips Semiconductors 
Phone:(512)339-9945 

Austin 

Synergistic Sales, Inc. 
Phone: (51 2) 346-2122 

Houston 

Synergistic Sales, Inc. 
Phone: (713)937-1990 

Richardson 

Philips Semiconductors 
Phone:(214)644-1610 

Richardson 

Synergistic Sales, Inc. 
Phone:(214)644-3500 


UTAH 

Salt Lake City 

Electrodyne 
Phone: (801)264-8050 

WASHINGTON 

Bellevue 

Western Technical Sales 
Phone: (206) 641-3900 

Spokane 

Western Technical Sales 
Phone. (509) 922-7600 

WISCONSIN 

Waukesha 

Micro-Tex, Inc. 

Phone: (414) 542-5352 

CANADA 

PHILIPS 

SEMICONDUCTORS 
CANADA, LTD. 

Calgary, Alberta 
tech- Trek, Ltd. 

Phone: (403) 241-1719 

Kanata, Ontario 

Philips Semiconductors 
Phone: (6 13) 599-8720 

Tech-Trek, Ltd. 

Phone: (613) 599-8787 

Mississauga, Ontario 
Tech-Trek, Ltd. 

Phone: (416) 238-0366 

Richmond, B.C. 

Tech-Trek, Ltd. 

Phone: (604) 276-8735 

Ville St. Laurent, Quebec 

Tech-Trek, Ltd. 

Phone: (514) 337-7540 

MEXICO 
Anzures Section 

Philips Components 
Phone: 52-5-533-3858 

El Paso, TX 

Philips Components 
Phone: (915) 775-4020 

PUERTO RICO 
Santurce 

Mectron Group 
Phone: (809) 723-6165 

DISTRIBUTORS 

Contact one of our 
local distributors: 

Almac/Arrow Electronics 
Anthem Electronics 
Arrow/Schweber Electronics 
Future Electronics 
Gerber Electronics 
Hamilton Hallmark 
Marshall Industries 
Wyle Laboratories, EMG 
Zeus Electronics 
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Appendix A 


DATA HANDBOOK SYSTEM 

Philips Semiconductors data handbooks contain all pertinent 
data available at the time of publication and each is revised 
and reissued regularly. 

Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 

Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 

Our data handbook titles are listed here. 

Integrated Circuits 

Book Title 

IC01 Semiconductors for Radio and Audio Systems 
IC02 Semiconductors for Television and Video Systems 
IC03 Semiconductors for Telecom Systems 

IC04 CMOS HE4000B Logic Family 

IC05 Advanced Low-power Schottky (ALS) Logic 
Series 

IC06 High-speed CMOS Logic Family 

IC08 1 0OK ECL Logic Families 

IC10 Memories 

IC11 General-purpose/Linear ICs 

IC12 Display Drivers and Microcontroller Peripherals 

(planned) 

IC13 Programmable Logic Devices (PLD) 

IC1 4 8048-based 8-bit Microcontrollers 

IC1 5 FAST TTL Logic Series 

IC1 6 ICs for Clocks and Watches 

IC1 8 Semiconductors for In-car Electronics and 
General Industrial Applications (planned) 

IC17 RF/Wireless Communications 

IC1 9 Semiconductors for Datacom: LANs, UARTs, 

Multi-protocol Controllers and Fibre Optics 

IC20 80C51 -based 8-bit Microcontrollers 

IC21 68000-based 16-bit Microcontrollers (planned) 

IC22 ICs for Multi-media Systems (planned) 

IC23 QUBiC Advanced BiCMOS Bus Interface Logic 
ABT, MULTIBYTE™ 

IC24 Low Voltage CMOS & BiCMOS Logic 


Discrete Semiconductors 

Book Title 

SC01 Diodes 

SC02 Power Diodes 

SC03 Thyristors and Triacs 

SC04 Small-signal Transistors 

SC05 Low-frequency Power Transistors and Hybrid 1C 

Power Modules 

SC06 High-voltage and Switching NPN Power 

Transistors 

SC07 Small-signal Field-effect Transistors 
SC08a RF Power Bipolar Transistors 

SC08b RF Power MOS Transistors 

SC09 RF Power Modules 

SCI 0 Surface Mounted Semiconductors 

SC13 Power MOS Transistors 

including TOPFETs and IGBTs 

SCI 4 RF Wideband Transistors, Video Transistors 

and Modules 

SCI 5 Microwave Transistors 

SCI 6 Wideband Hybrid 1C Modules 

SCI 7 Semiconductor Sensors 

Professional Components 

PC01 High-power Klystrons and Accessories 

PC06 Circulators and Isolators 

MORE INFORMATION FROM PHILIPS 
SEMICONDUCTORS? 

For more information about Philips Semiconductors data 
handbooks, catalogs and subscriptions contact your nearest 
Philips Semiconductors national organization, select from the 
address list on the back cover of this handbook. Product 
specialists are at your service and inquiries are answered 
promptly. 


October 1 993 
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OVERVIEW OF PHILIPS COMPONENTS 
DATA HANDBOOKS 

Our sister product division, Philips Components, also has a 
comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 

Display Components 

Book Title 

DC01 Colour Display Components 

Colour TV Picture Tubes and Assemblies 
Colour Monitor Tube Assemblies 

DC02 Monochrome Monitor Tubes and Deflection Units 

DC03 Television Tuners, Coaxial Aerial Input 

Assemblies 

DC05 Flyback Transformers, Mains Transformers and 

General-purpose FXC Assemblies 

Magnetic Products 

MA01 Soft Ferrites 

MA03 Piezoelectric Ceramics 

Specialty Ferrites 

MA04 Dry-reed Switches 

Passive Components 

PA01 Electrolytic Capacitors 

PA02 Varistors, Thermistors and Sensors 

PA03 Potentiometers and Switches 

PA04 Variable Capacitors 

PA05 Film Capacitors 

PA06 Ceramic Capacitors 

PA07 Quartz Crystals for Special and Industrial 

Applications 

PA08 Fixed Resistors 

PA1 0 Quartz Crystals for Automotive and Standard 

Applications 

PA11 Quartz Oscillaors 

Professional Components 

PC04 Photo Multipliers 

PC05 Plumbicon Camera Tubes and Accessories 

PC07 Vidicon and Newvicon Camera Tubes and 

Deflection Units 

PC08 Image Intensifiers 

PCI 2 Electron Multipliers 


MORE INFORMATION FROM PHILIPS 
COMPONENTS? 

For more information contact your nearest Philips 
Components national organizaiton shown in the following list. 

Argentina: BUENOS AIRES, Tel. (541)541 4261, Fax. (541)786 9367. 

Australia: NORTH RYDE, Tel. (02)805 4455, Fax. (02)805 4466. 

Austria: WIEN, Tel (01)60101 1820, Fax. (01)60101 1210. 

Belgium: BRUXELLES, Tel. (02)741 8211 , Fax. (02)735 8667. 

Brazil: SAO PAULO, Tel. (011)829 1166, Fax. (011)829 1849. 

Canada: SCARBOROUGH, Tel. (416)292 5161 , Fax. (416)754 6248. 

Chile: SANTIAGO, Tel. (02)773 816, Fax. (02)5602 735 3594. 

China (Peoples Republic of): SHANGHAI, Tel. (021 >3264140, Fax. (021 )32021 60. 
Columbia: BOGOTA, Tel. (01 )249 7624, Fax. (01 )261 01 39. 

Denmark: COPENHAGEN, Tel. (032)883 333, Fax. (031 )571 949. 

Finland: ESPOO, Tel. (9)0-50261, Fax. (9)0-520971. 

France : SURESNES, Tel. (01 )4099 61 61 , Fax. (01 )4099 6431 . 

Germany: HAMBURG, Tel. (040)3296-0, Fax. (040)3296 216. 

Greece: TAVROS, Tel. (01)489 4339/(01)489 4911, Fax. (01)481 5180. 

Hong Kong: KWAI CHUNG, Tel. (852)724 51 21 , Fax. (852)480 6960. 

India: BOMBAY, Tel. (022)4938 541 , Fax. (022)4938 722. 

Indonesia: JAKARTA, Tel. (021)5201 122, Fax. (021)5205 189. 

Ireland: DUBLIN, Tel. (01)640 203, Fax. (01)640 210. 

Italy: MILANO, Tel. (02)6752.1 , Fax. (02)6752 3300. 

Japan: TOKIO, Tel. (03)3740 5143, Fax. (03)3740 5035. 

Korea (Republic of): SEOUL, Tel. (02)709-1412, Fax. (02)709-1415. 

Malaysia: KUALA LUMPUR, Tel. (03)757 5511, Fax. (03)7574880. 

Mexico: CHI HUAHUA, Tel. (016)18-67-01/(016)18-67-02, Fax. (016)7780551. 
Netherlands: EINDHOVEN, Tel. (040)783749, Fax. (040)788399. 

New Zealand: AUKLAND, Tel. (09)849-4160, Fax. (09)849-7811. 

Norway: OSLO, Tel. (22)74 8000, Fax. (22)74 8341. 

Pakistan: KARACHI, Tel. (021)577 032, Fax. (021 >569 1 832. 

Philippines: MANILA, Tel. (02)81 0 0161, Fax. (02)81 7-3474. 

Portugal: LISBOA, Tel. (01)388 3121, Fax. (01)3883208. 

Singapore: SINGAPORE, Tel. (65)350 2000, Fax. (65)355 1758. 

South Africa: JOHANNESBURG, Tel. (011)470-5434, Fax. (011)470-5494. 

Spain: BARCELONA, Tel. (93)301 6312, Fax. (93)301 4243. 

Sweden: STOCKHOLM, Tel. (08)632 2000, Fax. (08)632 2745. 

Switzerland: ZORICH, Tel. (01)488 2211, Fax. (01)481 7730. 

Taiwan: TAIPEI, Tel. (2)509 7666, Fax. (2)500 5912. 

Thailand: BANGKOK, Tel (2)399-3280 to 9, (2)398-2083, Fax. (2)398-2080. 

Turkey: ISTANBUL, Tel. (01)279 2770, Fax. (01)269 3094. 

United Kingdom: LONDON, Tel. (071)5806633, Fax. (071)636 0394. 

United States: RIVIERA BEACH, Tel. (800)447-3762/(407)881 -3200, 

Fax. (407)881-3300. 

Uruguay: MONTEVIDEO, Tel. (02)704 044, Fax. (02)920 601 . 

For all other countries apply to: Philips Components. 

Marketing Communications, Building BAE, 

P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands 
Telex 35000 phtcnl, Fax. +31-40-724547. 


October 1993 


897 








Philips Semiconductors 


2093B/24M/CR2/1293 904pp 


9398 652 47011 
98-7001-230-02 


